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PREFACE. 



In the present volume the author has endeavoured to. show 
the great strides made in the metallurgy of lead and zinc, 
and to incorporate in it the latest applications of electrical 
science, not only in cleansing the ores, but also in their after- 
treatment. 

The work also contains a description of the pigments of 
both metals, their manufacture and properties ; and to make 
this portion as comprehensive as possible, the drying oils and 
siccatives, and their relation to pigments, are dealt with. In 
addition ^o other information of importance to the colourist, 
the value of the work is enhanced by a chapter devoted to 
the assaying and analysis of lead and zinc ores, and the 
quantitative testing of paints and oils. 

The book is divided into seventeen chapters, and is 
illustrated with forty drawings, specially made by Mr. 
Levi Lambert, to whom great credit is due. 

In conclusion, the author hopes the work will be studied 

with advantage by those engaged in the above branches of 

industry. 

THOMAS LAMBERT. 
Jidy 1902. 
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LEAD AND ITS COMPOUIVDS 



CHAPTER I. 



History. 



Although lead was well known to the ancients, the early 
records of their mining and smelting the ore, are lost in 
mythology. As fap back as 878 B.C., as deciphered from the 
obelisk brought from Nimrftd, Divanubar, King of Assyria, 
speaks of the tribute exacted from the kings of Tabal, saying, 
" In my twenty-second year I crossed the Euphrates for the 
twenty-first time. I went down to Tabal. I went to the 
mines of silver (galena), salt, and gypsum." It is further 
related that the Assyrian king, visited a mine of argentiferous 
galena, near Sivas. The mode of reducing the silver-lead ore 
(galena) was known many centuries before the date of this 
inscription. The method adopted — the reduction of the ore in 
a rude furnace, and the separation of the silver from the lead 
by oxidising the latter, while in the molten state — bears a 
strong resemblance to modern metallurgical operations, and 
proves the ancients to have been not only successful miners, 
but also skilful metallurgists. 

Numerous references to the metal are to be found in the 
Old Testament. It formed part of the spoils taken from the 
Midianites by the children of Israel. Job also refers to it in 
I 
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several passages. The treasures of Solomon included not 
only gold and silver, but also lead. In Proverbs, mention is 
made of a silver dross, which was probably the oxidised lead 
left in the winning of silver from the galena ore, and used as 
a glaze for earthenware. In describing " the riches and 
abundance " of Tyrus, Ezekiel makes reference to lead, along 
with other metals, traded at the fairs of Tarshish. The 
enterprising and industrious Phoenicians largely derived 
their opulence from the trading in lead and silver. Accord- 
ing to tradition, they sailed to the Iberian peninsula, dis- 
covered the Bay of Cadiz, and bartered oil for the lead and 
silver of the natives, carrying their treasures back to Asia to 
adorn the temples of Solomon. At a later age, Eome, then 
in the zenith of its power, cast covetous eyes on the mineral 
wealth of the Peninsula, and, disputing with Carthage for its 
possession, succeeded in 45 b.c. in conquering the country. 
Then commenced that extensive system of mining and 
smelting, which for grandeur of conception and mechanical 
genius have astonished metallurgists of the present age. 
During the occupancy of the Eomans, extending to four 
centuries, some of the mines were carried to a depth fully 
equal to any presently working. At Caberzo-Eejado, in the 
province of Murcia, the remains of ancient mining have been 
found at a depth of 1000 feet from the surface. The vast 
extent of the operations may be gathered from the existence 
of our 30 million tons of metallic slag, found around Huelva, 
and which would represent about 1^ million tons of metal 
smelted from the ores, mined by the Eomans. Pliny says 
that 20,000 slaves were employed in these mines, and that 
at times the Eoman army took part in their development. 
Among the many curiosities brought to light relating to 
Eoman mining in Spain, may be mentioned a copper slab 
discovered in one of the mines at Huelva, in July 1772, and 
containing an inscription showing that the mine was in 
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charge of Procurator Pudente, during the reign of the 
Emperor Nerva. 

British lead-mining may be said to have had its origin 
in that pre-Eoman period, when the Phoenicians visited 
Cornwall in quest for tin. Our knowledge of their opera- 
tions is, however, very obscure and untrustworthy. It was 
not until several centuries had elapsed, and the country came 
under the dominion of the Eomans, who landed on our 
shores under the command of Julius Caesar in 55 B.C., that we 
find any tangible evidence of the development of lead-mining. 
During the 400 years of their occupancy, they industriously 
worked the counties of Cumberland, Westmoreland, York, 
Derby, Somerset, Devon, and Cornwall for their mineral 
wealth. With the decline and fall of the Eoman Empire, 
and the consequent withdrawal of her military power from 
this country, lead-mining fell into decay, continuing in this 
condition for several centuries. 

According to Hunt, the rich silver-lead veins of Devon- 
shire, notably at theCoombe Martin and Beer Alston mines, 
were largely worked in the reigns of Edward i. and Edward ii., 
chiefly for the silver they contained ; and the same authority 
states that Henry vii. and Queen Elizabeth fostered the 
industry by importing German miners to work the lead mines 
in different parts of the country. In the eighteenth century 
the production of lead and silver was very low, and the last 
century was well advanced before the industry assumed a 
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national importance by the opening up of new mines, and the 
introduction of modern mining machinery. 

The table on the preceding page gives the returns under 
the Metalliferous Mines Regulation Acts of the working lead 
mines for the years 1861-62 and 1890-91. 

In 1890-91 England is credited with 293 mines, located 
in the limestone formation of Derbyshire. Many of the 
mines, however, are only small workings, each yielding but a 
few tons of galena ore in the year. 

Ores of Lead. — The following ores, in which lead forms 
one of the principal constituents, are known to mineralogists: — 



AcicuHte 

Altaite . 

Anglesite 

Araeoxene 

Arsenomelane 

Binnite 

Bleiriierite . 
Boulangerite 
Bournonite . 

Brogniarditc . 

Caledonite . 

Cerasin 

Cerusite 

Chileite 

Chiviatite 

Glausthalite . 

Cotunnite 

Crocoisite 

Cuproplumb'ite 

Dechenite 

Descloizite . 



CuJ 



S. 



BigSg. 



Telluride of lead— PbTe. 

Sulphate of lead— PbSO^. 

Zinkeferous vanadate of lead. 

2PbS . AS2O3. 

A mixture of the minerals — arsenomelane 

and scleroclase. 
Antimoniate of lead — PbgSbgOg . iHgO. 
Antimonial sulphide of lead — 3PbS. SbgSg. 
Sulphides of copper, antimony, and lead — 

(2PbS . Cu2S)Sb2S3. 
Sulphides of lead, antimony, and silver — 

Pb . Ag2^2 • SbaSg. 
Cupreous sulphato-carbonate of lead — 

(Pb; Cu)C03 . PbSO^. 
Chloro-carbonate of lead— PbClg . PbCOg. 
Native white lead ore — PbCOg. 
Vanadate of lead and copper — 

(Pb ; Cu)3(V04)2 . 3(Pb ; Cu)0. 
2PbS . 3Bi2S3. 
Selenide of lead — PbSc. 
Native chloride of lead — PbCl2. 
Yellow chromate of lead — PbCrO 



4* 



Sulphides of lead and copper — 2PbS . CuS. 
Vanadate of lead — PbVgOg. 
2PbO . V2O5 or Pb2V207. 
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Embrothite . 
Eusynchite . 
Freislebenite 

Galena . 
Geocronite . 
Heteromorphite . 



Antimonial sulphide of lead — 3tbS . SbgSo. 



. Vanadate of lead — PbVgOg. 

. Antimonial sulphides of lead and silver — 

P^Ag^Ss . 2Sb2S3. 

. Sulphide of lead— PbS. 

. Arseniferous schulzite. 

. Antimonial sulphide of lead — 2PbS. 

Hydroaluminous lead . Hydrated aluminate of lead — PbAl^O^ . 



Jamesonite . 
Kilbrickenite 
Kobellite 



Lanarkite 

Lead glance 
Lead . 
Lead ochre 
Leadhillite 

Lehrbachite 
Linarite 

Matlockite 

Melanochro'ite 

Mendipite 

Meneghinite 

Mimetesite 

Minium 

Nagyagite 

Needle ore 

Patrinite 

Phoenicite 

Phosgenite 

Plattnerite 

Plumboresinite 

Plumbostib . 



6H2O. 



Antimonial sulphide of lead. 



6PbS . SbgSg. 

Antimonial sulphides of lead and bismuth — 

/2Sb.3Bi\ [Sg. 

Sulphato-carbonate of lead — PbCOg . 

PbSO^. 
Syn. with galena. 
Native. 

Native protoxide of lead — PbO. 
Sulphato-tricarbonate of lead — SPbCOg. 

PbSO^. 
Selenide of lead and mercury — (Pb. Hg)Se. 
Cupreous sulphate of lead — (GuHoOg. 

PbSOJ. 
Oxychloride of lead — Pb^CljO. 
Chromate of lead— 3PbO . 2Cr03. 

PbgClgOg. 

Antimonial sulphide of lead — 4PbS . Sb2S3. 

PbClg . SPbg As^Og. 

Red oxide of lead — PbgO^. 

Telluride and selenide of lead and gold — 

(Pb ; AugXTe ; Se). 
Syn. with aciculite. 



» 
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Chromate of lead — PbCr04. 
Chloro-carbonate of lead. 
Peroxide of lead — PbO^. 
Syn. with hydroaluminous lead. 
Syn. with boulangerite. 
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PolysphsBrite 

Schulzite 
Selenate of lead 
Stolzite 
Sulzannite . 

Vanadinite . 
Vanquelinite 



Wolchite 

Wulfenite 

Zinckenite 



Chlorophosphate of lead with calcium 

chloride— SPbaPaOg + PbClg + CaCla- 
Antimonial sulphide of lead — 5PbS. SbgSg. 
PbSeO^. 

Tungstate of lead— PbWO^. 
Rhombohedral sulphato-tricarbonate of 

lead— PbSO^ . SPbCOc 
3Pb3V208 . PbClg. 
Chromates of lead and copper- 

3CuO\ 

Syn. with bournonite. 
Molybdate of lead. 
Antimonial sulphide of lead — 
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PbS . SbgSg = Pb 

Sb. 



h- 



Excepting galena or sulphide of lead, cerusite or carbonate 
of lead, anglesite or sulphate of lead, and, to some extent, 
mimetesite or the arsenate of lead, these ores, owing to their 
sparse occurrence, are only interesting to the mineralogist ; 
even if they could be profitably mined, many would be 
unsuitable for metallurgical purposes. 

Galena is the most important and abundant of the ores 
of lead, and it is the chief smelting mineral, not only for 
lead, but silver also, which is associated with it in the form 
of silver sulphide. Cerusite and anglesite are used also for 
lead extraction, but, from their limited distribution, are mined 
in far less quantities. Mimetesite finds a partial use in flint- 
glass making. 

Galena. — The ore when pure has a composition of — 



Lead . 
Sulphur 



86-65 
13-35 

100-00 



When mined, however, it is generally impregnated with 
small quantities of the sulphides of silver, antimony, and 
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zinc, and interspersed with particles of fluor-spar, quartz, 
calc-spar, or dolomite, according to the geological formation 
carrying the veins. 

The following analyses of cleansed ore, by the author, 
express the composition of galena : — 







England. 


Scotland. 




Spain. 








Stonecroft. 


Roman Gravels. 


Lead Hills. 


Lead .... 


8379 


85-71 


85-22 


86-29 


Silver .... 


0-01 


0-03 


0-018 


0-07 


Antimony . 


0-12 


• ■ • 


• • • 


• • • 


Zinc .... 


• • • 


0-14 


0-26 


• • • 


Iron .... 


0-28 


0-05 


0-11 


• • • 


Sulphur 


15-80 


14-07 


14-39 


13-64 


100-00 


100-00 


99-998 


100-00 



Galena has a metallic lustre, and is of a lead-grey colour. 
The specific gravity ranges from 7*3 to 7*6, and the hard- 
ness from 2*5 to 2*7. On charcoal, before the blowpipe, the 
ore fuses, and is then reduced to the metallic state with 
evolution of sulphurous acid fumes, the globule of lead 
formed containing the whole of the silver, which is separated 
by cupellation. 

When partly roasted in contact with air, galena is oxi- 
dised to sulphate and monoxide of lead, and these compounds 
again reacting on further portions of the sulphide, reduction to 
the metal takes place with liberation of sulphurous acid gas. 
The ore is very widely distributed, being found in more or less 
quantities, in nearly every country of the globe. Nor is it 
confined to one geological period. In England the rich lodes 
or veins of Derbyshire, Yorkshire, Cumberland, Westmoreland, 
and Durham, exist in the mountain limestone of the Carboni- 
ferous age ; the lead " Killas " of Devon and Cornwall, in the 
Devonian ; while the clayslates and gritstones of the Silurian 
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formation, mainly claim the deposits of the Welsh lead-bear- 
ing counties. To this epoch also, belong the lodes or veins 
of the Lead Hills and Wanlockhead in Scotland, and Laxey, 
Isle of Man. At Glenmalure and Luganure in Co. Wicklow, 
and Newtownards, Co. Down, Ireland, galena is chiefly mined 
from the granite rocks. The German deposits of galena in 
Silesia, Hanover, Westphalia, and the Khineland districts, and 
also those in the Hartz mountains, are obtained from the 
Devonian strata. The Triassic, the Granite, and the Silurian 
ages, claim the Spanish galena deposits, as they exist in the 
southern provinces of the Peninsula. In the United States 
the extensive lead regions bordering the Mississippi, belong to 
the Silurian formation ; and many of the Australian silver-lead 
lodes, are located in beds of fine-grained sandstones, shales, 
and mudstones. 

Cerusite or Carbonate of Lead. — Cerusite is a natural 
derivative of galena, produced by decomposition and oxida- 
tion, and in a pure state has a composition of — 

Oxide of lead 83'514: 

Carbonic acid ...... 16*4:86 



100-000 



When pure, the ore exists in the form of colourless and trans- 
parent crystals. Generally, however, it occurs in fibrous, 
compact, and earthy masses of a white or greyish colour, and 
found mixed with galena in beds of mountain limestone. 
Sometimes it exists, contaminated with native copper salts, 
which give a blue tinge to the ore. The crystalline form 
belongs to the rhombic system. Cerusite has a hardness 
varying from 3 to 3*5, and an adamantine, inclining to 
vitreous, lustre. The specific gravity is 6*46. When treated 
with nitric acid it dissolves with considerable effervescence, 
liberating carbonic acid gas and forming a soluble nitrate of 
lead. On charcoal, before the blowpipe, it is quickly reduced 
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to the metallic state. Although the most abundant of the 
oxy-compounds of lead, but little is used for smelting pur- 
poses in this country, owing to its scarcity. In the Ehine- 
land districts of Aix-la-Chapelle and Cologne, and at Salander 
in Spain, considerable quantities are mined and smelted for 
the metal. 

Anglesite or Sulphate of Lead. — This ore is an oxidised 
galena. In external characteristics it is similar to cerusite. 
When pure it has a composition of — 

Oxide of lead 73-59 

Sulphuric anhydride (SO3) . . . .26*4:1 



100-00 



The crystals of anglesite have a rectangular octahedron 
form, with a hardness of 3 and a specific gravity of 6*25. 
With hydrochloric or nitric acid, no action takes place, and, 
on the addition of sulphuretted hydrogen, sulphide of lead is 
but slowly formed. Anglesite is found in the upper portion 
of many galena veins in Devon and Cornwall, in England ; 
Lead Hills and Wanlockhead, in Scotland ; Co. Wicklow, 
Ireland ; and in America, France, and Germany. It is 
smelted along with galena ores. 

Mimetesite or Arsenate of Lead. — The ore is rarely found 
pure. It is chiefly associated with phosphate and chloride 
of lead, and has a colour varying from brown to red. At 
times chromate of lead forms one of its constituents, giving 
an orange-yellow tinge to the mineral. 

The following analysis represents its composition : — 

Arsenate of lead 86*16 

Phosphate of lead 6*45 

Chloride of lead 7*39 



100-00 
Mimetesite has a hardness of 3*5 and a. specific gravity 
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ranging from 5*17 to 5*49, and, when found in the crystalline 
state, the crystals take the form of a prism with six faces. 
On charcoal, before the blowpipe, it is easily reduced to 
metallic lead, with evolution of arsenical vapours. The 
mineral is generally found near the outcrop of galena veins 
in Cornwall, Devon, and Cumberland, in Saxony and in 
France. 

Deposition of Lead Ore in Veins. — Notwithstanding the 
great strides geology has made within the last fifty years, 
it cannot be urged that this advancement has brought 
within the range of practical solution, our knowledge of the 
laws regulating the deposition of mineral matter in veins. 
That knowledge still remains purely speculative, and, in a 
sense, we are as much in the dark, as was Agricola, in ages 
past. By all writers, the phenomena of the formation of 
metallic veins have been ascribed either to the agency of fire 
or of water. 

The Plutonic school, consisting of Stahl, Playfair, Button, 
and others, considered all veins to have been formed by sub- 
terranean heat, while Professor Cotta, another disciple of the 
same school, assumes that " the metals originated in the 
depths of the earth, and that, under the influence of heat, 
they have been sublimed, to be deposited in the colder cracks 
near the surface." 

Dr. Button, in his work on the Theory of the Earth, 
forcibly advocates the Plutonic theory. Be says : " Look into 
the sources of our mineral treasures. Ask the miner from 
whence has come the metal in his veins. Not above, nor 
from the strata which the vein traverses ; these do not con- 
tain one atom of the minerals now considered. There is but 
one place from whence those minerals may have come — this 
is the bowels of the earth, the place of power and expansion ; 
the place from whence has proceeded that intense heat by 
which loose materials have been consolidated into rocks, as 
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well as that enormous force by which the regular strata have 
been broken up and displaced." 

Directly opposed to this, is the theory advocated by many 
modern writers on the subject, that mineral deposits in veins 
were formed solely by the agency of water, the water being 
supposed by some authorities to be of an atmospheric, and 
by others, of an oceanic character. 

Wallace, in supporting the view that the water employed 
is atmospheric, and not oceanic, assumes that the original 
rocks contained mineral matter, and that the fissures or cracks 
were brought about by the upheaval of the earth's crust. 
The atmospheric water charged with oxygen and carbonic 
acid, on falling, penetrated the rocks, dissolving out the 
mineral constituents, and thence, after saturation, flowing 
into the crevices and depositing the mineral matter held in 
solution. 

The balance of opinion seems to run more in favour of a 
hydrous than a Plutonic solution of the intricate problem; 
and further, that the former agency derived its existence 
from oceanic cuiTents, as advocated by Werner, and not 
from an atmospheric source, as suggested by Wallace. This 
view is supported by the investigations of Moore, who dis- 
covered in eight samples of AUenhead galena ore, distinct 
signs of a fossiliferous existence. In the Weardale district 
also, the ore was found to be fossiliferous. This fossilised 
existence of what was once life that thronged the sea in the 
prehistoric ages, fully supports the theory of the marine 
origin of lead deposits. 



CHAPTER 11. 

Geographical Distribution of the Lead Industry. 

In nearly every country lead-smelting is carried on as a 
more or less important industry, owing to the universal 
deposits of galena and other lead ores. From the consular 
reports furnished to our own Government and that of the 
United States (the author is indebted to these sources for 
the matter contained in the following pages) it is noticed 
that the world's production of lead ore was in 1899, 775,000 
tons, being an increase during the last decade of 235,000 
tons. Of this grand aggregate, Spain contributed 308,660 
tons, and this yield was increased to 350,000 tons for 
1900. The Peninsula may be considered as the leading 
producer, and it owes this advantage to an abundance of 
mineral wealth, with low cost of labour and transport. The 
ore mined is, in part, argentiferous and non-argentiferous, 
the proportions for 1 8 9 9 being 184,906 tons and 123,754 
tons respectively. The mines of Jaen contributed the whole 
of the latter, and, of the former, the province of Murcia yielded 
133,582 tons. 

The lead-mining districts are in Jaen, Almeria, Cordova, 
Oviedo, Murcia, Badajoz, Ciudad Eeal, and Tarragona. The 
quality of the ore varies, some rich silver-galena lodes run- 
ning to 80 per cent, lead, with 200 to 300 oz. of silver 
per ton. The low-grade ores of Caberzo-Eejado, are found 
mixed with pyrites, blende, quartz, and slate, and are desig- 
nated as mantel or vein ores ; they average 50 to 55 per cent. 

12 
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lead. By far the largest proportion of ore raised is smelted 
in the country, and exported in the form of " pig " or sheet 
lead, the yield of the metal for 1899 being 162,613 tons, 
and valued at £2,469,000. The ore exported for that year 
was 9798 tons, and this quantity had decreased to 4632 
tons for 1900, thus showing that the Spaniards are realising 
the immense importance of smelting their mineral wealth, 
instead of exporting it in the raw state. 

The metallurgical operations are carried on in the Tuyere 
or Piltz furnaces, the fuel used being coke, the galena ores 
being previously calcined in a reverberatory furnace. The 
average percentage of metal got by smelting is 94 per cent. ; 
a loss of 5 per cent, through volatilisation and 1 per cent, 
left in the slags makes a total of 6 per cent, of unrecovered 
lead. 

Eeceiving the largest proportion of her material (" pig " 
lead) from Spain, this country is unable to compete in Spanish 
markets, and this fact was so apparent a few years ago to one 
of the leading lead manufacturers that they erected works for 
the production of sheets, tubes, and shot, near their mines at 
Linares ; and, instead of sending their " pig " lead to England, 
as formerly, for treatment, they now export it in its manu- 
factured state not only to England, but also to France and other 
countries. 

United States. — As a lead-producing country, the United 
States ranks next to Spain. In 1899 the ore mined was 
220,000 tons, and this yield had risen in 1900 to 233,000 
tons, being an increase of 13,000 tons. The great silver-lead 
deposits in the valleys of the Mississippi and Missouri, and in 
Montana and Colorado, are being rapidly opened out, and as 
more outlets are found for the metal, accompanied with 
more remunerative prices, the time will not be far distant 
when the Republic will control the lead markets of the 
world. 
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Germany, — The yield of lead ore in 1899 was 129,200 
tons, and, in 1900, 145,000 tons, being an increase of 16,000 
tons. The deposits — mainly galena — are widely distributed, 
being mined in Silesia, Hanover, Westphalia, Hesse-Nassau, 
and the Ehineland districts of Coblentz, Cologne, Aix-la- 
Chapelle, and Dusseldorf. The ores vary considerably, rang- 
ing from 20 to 80 per cent. lead. The low-grade ores, which 
form the l3ulk of the deposits, are brought, for smelting 
purposes, to a percentage of 50 to 55 by a dressing and 
washing process. 

The mines at Letmake, near Barmen, are worked com- 
paratively near the surface, having a depth only from 130 
to 180 feet. The ore is raised like coal, and the average per- 
centage after washing is 40. 

Near Dusseldorf, in the Ehine valley, the mines of 
Selbeck and Lintorf reach a depth of 900 feet, and the 
average, in the washed ore, is 50 per cent. lead. On smelt- 
ing these ores, 90 to 92 per cent, of the metal is obtained, 
there being a loss of 8 to 1 per cent, through- volatilisation 
and in the slags. 

Around Frankfort-on-the-Main, some of the mines are 
carried to a depth of 1500 feet, the ore raised being of 
low-grade quality, yielding, after washing, 45 per cent, of 
lead. 

In the Hartz mountains, embracing the duchy of Bruns- 
wick and the province of Hanover, the lead industry is a 
very important one, and dates from the Middle Ages. The 
deepest shaft is the Samson (2560 feet), yielding silver-lead, 
zinc, and copper ores. The silver averages '1 per cent., and 
the yield of lead by smelting, is 94 per cent. By a 
mechanical process, the zinc ores are separated and sold ; 
when, however, small proportions are only present, the ores 
are not so treated, but smelted direct. The general method 
of treating the ores is first to calcine, which partly eliminates 
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the sulphur, and then reduce by smelting in the blast 
furnace. 

Germany imports a considerable quantity of " pig " lead 
from Spain, and exports a good tonnage of manufactured 
products — sheets, pipes, and shot, litharge, white and red 
leads. 

Austro-HuTigary, — Lead ores are obtained in the provinces 
of Bohemia, Moravia, Silesia, Styria, Carinthia, Tyrol, Carniola, 
and Galicia. In all cases, the ores are extracted through 
shafts, the deepest being at Pribram, in Bohemia (1150 feet). 
Austro-Hungary mines large quantities, but the quality is 
poor, being mixed with earthy and silicious matter, and the 
ores require dressing and washing before undergoing smelt- 
ing. The greater portion raised is smelted and desilverized 
within the country, and for this purpose the Government 
carry on extensive smelting works at Pribram. The other 
provinces also smelt, but the works are of less dimensions ; 
those at Littai, in the province of Carniola, employ thirty-five 
men and smelt about 3500 tons of prepared ore each year. 
After preparatory treatment, the ores have an average of 
60 per cent, lead and *! per cent, of silver. The processes 
employed for obtaining the metal consist first in roasting 
the ore in a reverberatory furnace, which partly converts the 
sulphide into sulphate of lead, and then smelting in a blast 
furnace with wood, charcoal, brown coal, and coke The 
blast furnace is chiefly used for treating rich argentiferous 
ores. On a charge of 10 tons, the fuel employed amounts to 
7 tons brown coal, 2 J tons coke, 354 cubic feet of charcoal, 
and 11 J cubic feet of wood. 

Austro-Hungary sells its surplus ores, and is also a buyer 
of " pig " lead, which is used in conjunction with its own pro- 
duction, for conversion into pipes, sheets, plates, litharge, 
sugar of lead, and white and red leads. 

France, — The lead districts of France lie in the middle. 
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the north, and the west, and the production is about 22,000 
tons annually. In the mines near Pontigibaud, the ores 
raised are of poor quality, but, by subsequent dressing and 
washing, they are brought up to 44 to 45 per cent. lead. 
The yield of silver is, however, considerable, averaging nearly 
3 lb. per ton of ore. The Pontigibaud mines yield about 
600 lb. silver per month. 

In the south, lead and zinc ores are mined at 
Bormettes, the galena being of low grade and requiring 
treatment to bring it up to a smelting strength. Around 
Limoges, a low-grade galena is also raised, and, after 
washing, is smelted in a reverberatory furnace to extract 
the metal. The working loss is low, being only 3 to 4 
per cent. 

France is unable to supply her own requirements, con- 
sequently she imports large quantities of "pig" lead, and 
also sheets, pipes, and shot. 

Great Britain and Ireland, — The lead-mining industry in 
the British Islands cannot be considered as a progressive one. 
This state arises from the decreased output, consequent on 
the exhaustion of some of the mines and the unprofitable 
results in working others, in face of the large imports of 
the foreign metal. In 1861, 12 counties in England, 9 in 
Wales, 6 in Scotland, and 5 in Ireland, were profitably 
engaged in raising lead ore. At the close of 1898 the 
English and Welsh returns embraced only Derbyshire, 
Flintshire, and the Isle of Man, while the mines of 
Scotland and Ireland were entirely closed. There is hope 
that with the advent of more remunerative prices, many 
of the mines in Durham, Northumberland, Westmore- 
land, and York, and in the Welsh counties of Cardigan, 
Denbigh, and Carnarvon, will again have a share of 
prosperity. 

From the reports under the Metalliferous Mines Eegula- 



GEOGRAPHICAL DISTRIBUTION OF LEAD INDUSTRY 17 

tion Acts, the quantities of ore raised, with the smelting 
returns, are given as follows : — 

ORE RAISED IN TONS. 



• 


1861. 


1^89. 


1898. 


1899. 


England and Wales 
Scotland 
Ireland . 


• a • 

75,000 

• • • 


44,402 

4,063 

218 


32,985 
Mines closed. 


41,500 
Mines closed. 
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YIELDS OF SILVER AND LEAD. 



3 





1861. 


1889. 


1898. 


1899. 


Fiiiglaiid and Wales 


Oz: 

• • • 


Tons. 

> • • 


Oz. 
280,374 


Tons. 
32,281 


Oz. 
211,403 


Tons. 
25,728 


Oz. 
260,000 


Tons. 
32,370 


Scotland 


473,538 


58,500 


24,493 


3,168 


None 


• • • 


None 


• • • 


Ireland . 


• • • 


• • • 


832 


160 


None 


• • • 


None 


• • • 



As mentioned, lead-mining is presently confined to the 
counties of Derby, Flint, and the Isle of Man. Devon 
and Cornwall formerly raised a large proportion of the 
country's output of ore ; consequent, however, on a number of 
the mines becoming exhausted, and, in others, the lodes or 
veins running below the water level, causing frequent inroads 
of water to the workings, and which necessitated their aban- 
donment, the industry has fallen into decay. In 1861 the 
two counties were working fifty-five mines; at the present 
time not a ton of ore is raised. 

In Montgomery, Carnarvon, Denbigh, and other lead- 
bearing Welsh counties, the lodes have only been worked 
down to certain depths, owing to their being " cut " by non- 
bearing measures, 220 to 230 yards below the surface, 
rendering further mining operations unprofitable. 
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The North Riding of Yorkshire, Cumberland, Durham, 
Northumberland, and Westmoreland, contain rich galena 
deposits, and, although the mines are closed, many are in a 
position to reopen when circumstances are more favourable, 
for their working. 

In Derbyshire, some 400 mines are presently engaged 
in raising the ore from the mountain limestone formation ; 
the bulk of the workings are, however, small, the yearly out- 
put of each mine being a few tons only. 

The extensive lodes of the Laxey and Foxdale mines, in 
the Isle of Man, have long been known. The former is 
carried to a depth of 1740 feet, and has reaped a rich harvest 
of wealth for many years, and the latter has returned to its 
owners a profit of nearly two millions sterling. The ore 
deposits are mainly galena, containing 40 to 78 per cent, 
lead, and the low-grade ores are concentrated, before smelt- 
ing, by dressing and washing. The metallurgical operations 
are carried on in the reverberatory or Flintshire furnace 
solely, or, as in Cumberland, Durham, and Northumberland, 
by a preliminary roasting in the reverberatory, and then by 
reduction in low square blast furnaces of the Scottish hearth 
type, the loss by both processes averaging 6 per cent. lead. 

Scottish lead-mining may be considered as non-existent. 
Formerly, the counties of Ayr, Argyle, Kirkcudbright, 
Lanark, and Dumfries produced a varying quantity of 
ore, but for many years the mines have been abandoned. 
Leadhills, in Lanarkshire, was the principal seat of the 
industry, the mines and works being carried on by the 
Hopetoun family or their lessees. The workmen employed 
were divided into four classes — miners, labourers, washers, 
and smelters, the first being engaged exclusively in getting the 
ore, or in forming the necessary shafts and adits. In the 
latter case they were paid according to the number of 
fathoms cut ; in the former, by the number of tons smelted 
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lead realised from the ore ; the rate of payment also varied 
according to the nature of the rock and the richness of the 
vein. The miners descended, not by ladders, as in some 
shafts, but were let down and pulled up by a rope attached 
to a windlass, worked by their comrades. In descending, the 
miner first made a loop on the end of the rope, and the right 
leg thrust through, the rope being grasped between the left 
arm and side, leaving free the hand to hold the candle in- 
serted in a ball of clay, while the right hand was used to 
prevent him from coming into contact with the rocky sides 
of the shaft. 

Deeper and consequently more expensive workings, the 
want of machinery for raising the water, which could no 
longer be carried off by the usual channels employed, along 
with the low price of lead, made their abandonment necessary. 
During the decade 1881-1890. the whole of the produce 
of the Leadhill mines has been derived from the portions of 
ore contained in the " rubbish " of the old workings, which 
was thrown aside as unworthy of attention during more 
prosperous times, with the occasional addition of small knots 
of ore, limited in their extent, which had been accidentally 
missed. 

The Irish lead mines have been closed for many years. 
In 1861 the industry was of some importance, mines being 
worked in five counties. At the close of 1878 two mines 
only were in working — one at Newtownards in County Down, 
and the other at Luganure, County Wicklow. In that year 
the value of the products of these mines was £14,090, and 
in 1883 only £3397 was realised, and this amount was 
further reduced, during 1885, to £790. In 1886 only the 
Luganure mine was raising ore, the value of the silver and 
lead being £1928, and three years later (1889) the value of 
the silverized lead had increased but slightly. Since that 
period the mine has been closed. The ore is an argentiferous 
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galena containing 35 to 75 percent, lead, and, before smelt- 
ing in the reverberatory furnace, the low-grade class is 
brought to a strength of 60 per cent, by dressing and 
washing. 

Lead-mining in Ireland is not profitable ; the foot and 
hanging walls which enclose the lead veins are of granite, and 
their removal adds greatly to the cost of running the mine. 
Then, again, the deposits are very " bunchy," and the inter- 
vening ore is so very lean that its reduction is not possible 
at a; profit. 

Mexico. — This country possesses extensive deposits of 
argentiferous galena and cerusite. They are found at Lomo- 
de-Toro, State of Hildalgo, and also in the State of Coahuila, 
at a depth of 300 to 400 feet. The smelting of the dressed 
ores is done in water-jacket furnaces of 20 to 30 tons 
capacity, and the charge is mixed with coke, lime, iron oxide, 
and silica to effect the reduction, the proportions varying to 
meet the requirements of the ore. The raw ores contain 
from 20 to 60 per cent, lead, and the smelting yields 85 to 
92 per cent. The argentiferous "pig" lead produced, is 
mainly exported to the United States for further treatment. 

Turkey, — The Empire raises but a small quantity of galena, 
and that principally by the Asia Minor Mining Company, at 
Lidjessy, near Sivas. The mining is carried on by day-levels 
driven into the hills. The ore obtained is of poor quality (9 
to 12 per cent, lead), which after dressing is exported. 

Australia — New South Wales, — Eich silver-lead deposits 
are found at the Broken Hill mines in this colony, the 
average percentage of lead in the silver ores being 55. Up 
to the end of 1889 the total net value of silver, silver-lead 
and ore produced, realised £27,882,997, and the output 
value for 1899 was £2,070,657, the larger portion being 
won from the Broken Hill mines. This amount would have 
been considerably increased, but that the transfer of the 
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smelting operations in that year, from Broken Hill to Port 
Pirie, South Australia, of necessity limited their output. 

Queensland, — The silver-galena ores of Queensland are 
found at a depth of about 300 feet, and average, when un- 
treated, 20 per cent. lead. After dressing, they are smelted 
in the water-jacket furnace, and the yield is 88 percent, of the 
lead in the dressed ore, the loss being due to volatilisation 
and unrecovered metal in the slags. As in New South Wales, 
the value of the ore depends entirely on the silver contents. 

South America — Argentine, — In the interior of the 
country, since the days of the Spanish conquerors, there have 
been spasmodic efiforts to develop the mining, but with little 
or no return. The search, however, was made for gold and 
silver, and little attention was paid to the extensive lead ore 
deposits which are now known to exist. 

Canada, in the Kootenay district of British Columbia, 
and Greece, in the mining centre of Laurion in the province 
of Attica, are making rapid strides in developing their 
mineral resources, and in the future will take an important 
part in the world's production of lead. 



CHAPTEK III. 



Chemical and Physical Properties of Lead. 



The metal has a bluish-grey colour, is fusible at 330° C. 
(626° F.), and has a specific gravity of 11-358. English 
commercial lead is nearly pure ; the small proportion of 
impurities present consist mainly of antimony, zinc, and iron. 
The following represents the composition of some brands of 
English manufacture : — 





1 


2 


3 


Lead 

Silver 

Iron 

Zinc 

Antimony 

Copper . . . • . 


99-994 

• • • 

0-004 
0-002 

t • • 


99-971 
trace 
0-003 
0-017 
0-005 
trace 


99-948 
trace 
0-007 
0-019 
0-022 
0-004 




100-000 


1 
99-996 100-000 



The impurities in lead affect the physical and chemical 
properties of the metal in proportion to the amount present. 
They give to the metal that peculiar property termed " hard- 
ness," which renders it unsuitable for many uses in the arts. 
The malleability and ductility are reduced, and when in the 
form of sheet lead for use in the lining of vessels, vitriol 
chambers, etc., they lower the resistance of the sheet to acid 
vapours, the surface becoming corroded. 

The " hardness " of lead is removed and a " soft " metal 
produced, by the process of calcination, the impurities being 

22 
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practically removed by conversion into oxides, which form a 
scum on the surface of the molten lead. 

Strong acids act very differently on lead. Nitric acid 
dissolves it, even in the cold, forming nitrate of lead, while 
hydrochloric acid has practically no action ; the two mixed 
together, as aqua-regia, converts the metal into chloride. 
Sulphuric acid, when boiling only, feebly attacks lead with 
the formation of sulphate. Arsenic or arsenious acid unites 
with the metal, yielding arsenite or arsenide of lead. 

Lead, unlike many other metals, is not sonorous wh6n 
struck, and is a poor conductor of heat and electricity. 
When it is cut or scraped, a bright lustrous surface is seen, 
which rapidly becomes dim through the formation of a thin 
film of oxide of lead. In a perfectly dry and pure atmo- 
sphere, Miller states that it undergoes no change, but when 
exposed to the joint action of pure air and pure water, i.e. 
water boiled free of its carbonic acid and oxygen, mechanically 
held, the surface of the metal becomes oxidised to oxide of 
lead, which ultimately becomes transformed into a film of 
hydrated carbonate of lead, by the absorption of the carbonic 
acid gas from the air. This salt is only soluble to the extent 
of urirth of a grain per gallon. When, however, the water 
retains its carbonic acid, the film is dissolved and fresh 
surfaces of the metal are exposed, to undergo, first, the 
formation of oxide, and then the hydrated carbonate. The 
latter can only be formed after the oxidation of the lead. 
These facts bring into view the great danger, from a sanitary 
standpoint, of the use of lead in domestic utensils, storage 
cisterns, etc. 

The water supply of our towns is charged with wholesome 
oxygen and carbonic acid, which in continual contact with 
the metallic surface forms, and then dissolves, a poisonous 
white lead, producing in course of time all the painful 
symptoms of lead colic. 
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The cisterns of all houses used for water storage should 
never be lined with sheet lead, but with slate, and all leaden 
pipes coated internally with tin, to resist the action of air 
and water. In the vessels used in the preparation of 
beverages, the same danger exists, if they have an internal 
lining of lead. 

Lead has considerable pdwer of affinity or attraction, but 
some of its compounds can be dissociated by the chemical 
force of a stronger metal. This can be illustrated by means 
of a salt of lead and metallic zinc. If 28*4 grms. (1 oz.) of 
acetate of lead are dissolved in a litre of water, and a piece 
of zinc suspended in it, the metal will shortly be covered 
with a grey coating, from which brilliant metallic spangles 
will shoot forth, somewhat in the shape of a tree. These 
are pure lead, and the phenomenon is known as the " lead 
tree." 

The effect thus produced is due to the superior affinity 
of the zinc for the acetic acid combined with the lead, which 
causes the two metals to interchange places. 

Uses of Lead. — Owing to its softness, plasticity, and low 
fusibility, the uses of lead may be said to be multifarious. 
For roofing purposes and the lining of cisterns and chambers 
for manufacturing work, large quantities are consumed. In 
the making of piping, white lead, and the various compounds 
of- lead, such as the nitrate and acetate, for the dyeing and 
printing industries, also in pottery and glass work, lead in 
the metallic state, or oxidised as litharge, is extensively used. 
The various commercial alloys include a large proportion of 
the metal, and it is also used in the manufacture of bullets 
and small shot, where great momentum confined to a small 
compass is required. Further, the properties of lead make 
it valuable in other branches of work, and its manufacture 
may be truly said to " minister directly to the necessities and 
luxuries of human existence." 
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Welding of Lead. — Lead joints are generally made by 
soldering or burning with the oxyhydrogen flame. In 1896 
Blondel brought out an ingenious method, by which the 
joints may be welded instead of soldered or burnt. For this 
purpose, the surfaces to be joined, are carefully cleaned, and 
between them is placed a thin layer of lead amalgam. On 
passing an ordinary soldering iron along the line of junction, 
the mercury of the amalgam is vapourised, and the lead set 
free in an exceedingly finely divided state, fuses, and then 
unites the two surfaces together. The joint is said to be 
more durable than when made in the usual way. 

Alloys of Lead. 

Lead mechanically unites in varying proportions by 
simple fusion with tin, antimony, arsenic, bismuth, copper, 
zinc, phosphorus, and other elements, forming a series of 
mixtures, termed alloys. Many of these alloys are very 
important, and are largely used in the arts. 

The following table by Stillman, represents the percentage 
composition of the leading alloys used for bearings and other 
engineering purposes : — 



Alloy. 



Babbitt metal 
Anti-friction metal 
Tobin bronze . 
Phosphor bronze 
Deoxidised bronze 
Magnolia metal 
Rose metal 
Camelia metal 
Ajax metal . 
Car box metal 
Parson's white metal 
*'B"alloyP.R.R. . 



: Iron. 


• 
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< 
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^ 
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1 
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1 


45-5 
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40-00 
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• • • 


• at 


40-00 


6-00 


55-00 


• • • 


• • • 




• • • 


0-20 


0-90 


• • • 


0-40 


61-20 


37-30 




• • • 


■ • • 


10-00 


■ • • 


9-50 


79-70 


• • • 




0-80 


0-20 


12-40 


• • • 


2-27 


82-67 


2-45 




0-005 


... 


4-75 


15-00 


80-00 


■ • « 


• • • 


0-25 


• • • 


... 


22-90 


• • • 


27-10 


• • * 


• • • 


50-00 


• • • 


0-55 


4-25 


• • • 


14-75 


70-20 


10-20 




• • • 


• • • 


10-98 


• ■ • 


7-37 


81-28 


• • • 




0-37 


0-61 


• • • 


14-38 


84-33 


• • • 


0-68 
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2-00 


2-00 


2-00 


7-00 
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15-00 


77-00 
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1 




■ • • 
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Lead alloyed with antimony arid tin forms stereotype and 
type metals — 





Lead. 


Antimony. 


Tin. 


Stereotype metal .... 
Type metal 


84-25 
70 


13-50 
25 


2-25 
5 



The antimony is added to harden the alloy, while the tin 
gives it the necessary coherence. When melted with tin 
alone, and in certain proportions, lead forms pewter and 
solder. 

The former, in 100 parts, is composed of — 

Tin . . . . . . . . 80 

Lead ....... 20 

This proportion yields an alloy of great tenacity and of a 
lower melting-point than that of the metals individually, 
in addition to its non-liability to corrosion when used for 
drinking purposes. An increase in the amount of lead, 
however, renders the alloy liable to be attacked by even 
weak organic acids, and its use then becomes dangerous. 

The latter is made in three forms — common, coarse, and 
fine solder. The f611o>ying are the proportions used : — 





Lead. 


Tin. 


Melting.Point. 


Common solder .... 
Coarse solder .... 
Fine solder 


50 

66-65 

33-35 


50 

33-35 

66-65 


385° F. 
379° F. 
372° F. 



Similar to pewter, the melting-points of these alloys are 
lower than either of their composing metals. 

The alloy of lead and arsenic is used in the manufacture 
of rifle and shell bullets and small shot. 
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The former also contains a small proportion of antimony 
to increase the penetrative power. 

In the manufacture of small shot, the arsenic used 
amounts to about 40 lb. to every ton of the metal, and has 
the physical effect of securing to the molten lead a spherical 
form, when dropped into water from a perforated vessel. 
The manufacture is carried on in high buildings, termed shot 
towers, the arsenical lead being allowed to fall from perforated 
wrought-iron dishes, placed at the top of the building, into a 
layer of water at the bottom; the fall (100 to 150 feet, 
according to the size of shot prepared) is required to enable 
the particles to become chilled and assume the spherical 
shape before entering the water. On complete cooling, the 
shot are dried, sifted into different sizes, and then polished 
with plumbago in a revolving cylinder. 

Compounds of Lead, 

Oxides. — Lead combines with oxygen, forming five oxides, 
namely — 

. PbgO. 
. PbO. 
. • . PbgO^. 



Suboxide of lead 
Protoxide ,, 
Red oxide „ 
Sesquioxide „ 
Peroxide 



j> 



PbA. 
PbOg. 



The protoxide also unites with water, forming the 
hydrate or hydroxide of lead, PbO . H2O or PbHgOg. 

Suhoodde of Lead, — The suboxide is prepared by care- 
fully heating oxalate of lead in a closed vessel, the following 
reaction taking place : — 

2PbC204 = Pb^O + CO + 3CO2. 
The resulting black powder is rapidly converted into 
hydrate on exposure to air. Dilute acids convert it into 
protoxide, which combines with the acid used and finely 
divided metallic lead. 
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Protoodde of Lead, — This oxide can be obtained pure by 
igniting — not to fusion — basic nitrate, carbonate or oxalate 
of lead, in a platinum crucible. The following is the equa- 
tion when the carbonate is used : — 

PbCOg = PbO + CO2. 

The oxide has a dull lustre, and a colour varying from 
sulphur to orpiment yellow. The specific gravity is 9*36 at 
4° (Joule and Playfair), and it is reduced to the metallic 
state by carbonic oxide (CO) at 100°, and by hydrogen at 
310° (Eoscoe and Schorlemmer). According to Watts, the 
protoxide is both dimorphous and amorphous, and crystal- 
lizes in pale yellow rhombic octahedrons and cubes and 
regular dodecahedrons. It also occurs as a red amorphous 
powder. The crystalline form can be obtained by (1) the 
slow cooling of the protoxide after fusion, (2) by fusion with 
hydrate of potassium, and (3) by treating with potash or 
soda ley. If the ley is brought to the boil at a strength of 
about 40° B., and then moderately saturated with the pro- 
toxide, the liquor on cooling deposits red scales or crystals 
soluble in acetic acid, fully showing that the protoxide under 
certain conditions may partake of a red colour without any 
admixture of the higher oxide (minium). Watts states that 
these red crystals are also produced when the protoxide is 
moistened with water to form the hydrate of lead, then dis- 
solved to saturation in a boiling soda ley of 40—41° B., and 
afterwards cooled. 

The protoxide has a great affinity for acids, forming well- 
known neutral and soluble salts, the most important being 
the nitrate and the acetate. It is rapidly reduced to the 
metallic state at a dull red heat, by carbon, hydrogen, and 
carbonic oxide, as seen in the following equations : — 

2PbO + C = 2Pb + CO2. 
PbO + CO= Pb + COg. 
PbO + Hg = Pb -I- HoO. 
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On heating with copper, zinc, or iron in a finely divided 
state, it acts as an oxidising agent, converting these metals into 
oxides, and becoming reduced to metallic lead : for example — 

2Fe + 3PbO = Fefi^ + 3Pb. 

The protoxide when heated to redness loses its yellow 
colour, and assumes a reddish-purple tint ; the original shade 
is, however, restored, on cooling the heated mass. 

On boiling it with milk of lime and settling, a liquor is 
yielded which has found a use in hair-dyeing, etc. Hair-dyes 
containing lead in any form should be avoided. 

In commerce the protoxide is technically known as litharge 
and massicot. The two products have exactly the same com- 
position, but differ as regards their colour and physical pro- 
perties. Their manufacture is describ6d under the heading 
of Litharge. 

Red Oodde. — This oxide occurs native to a limited extent 
in various lead-mining districts. It was known and described 
in the early ages by Pliny, Dioscorides, and others. It is 
prepared on the small scale by heating protoxide of lead 
with 1 part potassium chlorate and 8 parts of potassium 
nitrate (saltpetre) in a platinum crucible. At the tempera- 
ture of dull redness the minium begins to form at the edge 
of the crucible, and, on cooling, the crucible and its contents 
are boiled in a weak potash liquor, to dissolve out any pro- 
toxide left. On settUng and rimning off the supernatant 
liquor, the minium appears as a bright red powdery sub- 
stance. Watts produces a minium by boiling the peroxide 
of lead with aqueous plumbate of potassium, or 1 part of 
the peroxide with 5 parts of nitrate of lead dissolved in 
water, and then sufficient quantity of weak potash or soda 
added, to redissolve the hydrate of lead first precipitated, and 
until a brown-red mixture of minium and peroxide is pro- 
duced. This is digested with oxalic acid, which decomposes 
the peroxide without acting on the minium. 
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In the cold, the shade is bright red, but, on heating, it 
changes to a deep violet tint. Minium has a composi- 
tion of — 

Lead 90-60 

Oxygen 9*40 

and a specific gravity of 8*62 (Karsten). Many oxidisable 
bodies convert it into protoxide of lead. With hydrogen 
also, it yields protoxide and water, as seen from the following 
equation : — 

PbgO, + Hg = 3PbO + HgO. 

With hydrochloric acid, minium is converted into chloride 
and peroxide of lead and water, thus — 

PbgO^ + 4HC1 = 2PbCl2 + PbOg + 2H2O. 

If the proportion of acid is increased, the whole of the 
lead is converted into chloride, thus — 

PbgO, + 8HC1 = SPbClg + CI2 + 4H2O. 
The action of chlorine water also yields chloride and per- 
oxide of lead, according to the equation — 

PbaO^ + CI2 = PbCl2 + 2Pb02. 

Minium is soluble in phosphoric and arsenic acids, form- 
ing salts of the peroxide. Watts states that it dissolves in 
nitric, dilute sulphuric, and likewise by weaker acids, being 
resolved into protoxide and peroxide of lead, the former 
yielding an ordinary lead salt, while the latter remains un- 
dissolved. 

The manufacture is described under the heading of 
Minium, or Eed Lead. 

Sesquioxide of Lead, — This oxide may be considered as a 
combination of monoxide and dioxide, as it is resolved by 
acids into these two oxides. It is prepared (1) when a 
solution of sodium hypochlorite is carefully added to a caustic 
potash solution of lead oxide (Winkelblech), or (2) when a 
solution of minium in acetic acid is precipitated by a very 
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dilute solution of ammonia (Koscoe). It is a reddish-yellow 
powder, with a composition of — 

Lead 89*66 

Oxygen 10*34 

The sesquioxide is rapidly reduced to the protoxide by 
the action of oxalic and formic acids, and is also soluble in 
dilute nitric and acetic acids, forming soluble salts of lead, 
along with peroxide. 

Peroxifde of Lead. — This oxide, sometimes termed brown 
or puce lead, is found native as plattnerite, in the form of 
black-coloured, six-sided prisms. Bottger prepares it by 
acting on protoxide of lead with sodium hypochlorite, thus — 

PbO 4- 2NaOCl = PbOg + 2NaCl. 
It is also a result of the action of dilute nitric acid on 
minium, according to the following equation*: — 

PbgO^ + 4HNO3 = PbOg + 2Pb(N03)2 + 2H2O. 

Ozone, acting on the protoxide of lead, also yields the 
peroxide, by absorption of oxygen. 

The peroxide has a strong oxidising action, and, according 
to Vanquelin, when ground with one-sixth of its weight of 
sulphur, it takes fire, burning with a brilliant flame, forming 
in the first instance sulphide of lead, and then the sulphate. 
Some organic acids — ^gallic acid, for example — also ignite in 
contact with it. 

Peroxide of lead has a great affinity for the alkaline 
bases, acting the part of a weak acid towards them, hence 
the term " plumbic acid " by which it is sometimes known. 
These compounds are of definite composition, the potash salt 
having the formula of KgO . PbOg . 3H2O, and is prepared by 
fusing the peroxide with excess of potash, dissolving the 
fused mass in water, filtering, and then evaporating in vacuo, 
Fremy says the crystals so produced, have a rhombohedral 
form. 
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Peroxide of lead, prepared by any of the above methods, 
has a brown colour, and is quickly decomposed by heat, which 
liberates part of its oxygen, converting it into minium or 
protoxide. The composition is — 

Lead 86-67 

Oxygen 13'33 



10000 



A mixtiu'e of peroxide and nitrate of lead is employed in 
the manufacture of lucifer matches. 

Hydrate or Hydroxide of Lead, — The hydrate is a combi- 
nation of the protoxide with water — 

PbO + H2O = PbHgOg. 
It is prepared on the small scale by adding an excess of 
ammonia to a saturated solution of acetate of lead, the 
hydrate being precipitated as a white crystalline powder, 
the crystals, as seen under the microscope, having an octa- 
hedric form. 

The hydrate is to some extent an unstable body, for at 
130° it loses a portion, and at 145° the whole of its water, 
being reconverted to the protoxide of lead — 

PbHgOg = PbO + H2O. 

Salts of Lead — Acetate of Lead. — This salt is familiarly 
known as sugar of lead, from its sweetish taste and close 
resemblance to sugar. In the early ages, Geber was con- 
versant with it, and gave a description of its preparation and 
properties. The acetate is placed on the market as a white 
or brown product, the difference in the two qualities being 
due to the quality of acid used in their manufacture. The 
white acetate has a value of £24, 10s., and the brown £19 
per ton. 

The white acetate is prepared from litharge and good 
quality acetic acid, the proportions used being 1 ton litharge 
to 23 cwt. of acid (45 per cent, strength). The manufacture 
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is carried on in large wooden vats, lead-lined, termed the dis- 
solving vats, and at the bottom of each is placed a steam coil 
for boiling purposes. They are arranged on a platform, so that 
the treated liquors can be run direct into a' series of evaporating 
vats, lead-lined, and fixed below the level of the platform. 

The proportion of acid is first run into each of the dis- 
solving vats, and then the required amount of litharge slowly 
added, with constant stirring. When solution has taken place, 
the liquors are brought to the boil, which brings to the surface 
any impurities as a scum, which is skimmed off. They now 
flow through shallow filters to the evaporating vats below, and 
are concentrated by the aid of steam coils to a density of 1*5, 
and from thence pumped to the " crystallizers," which are 
shallow lead-lined vessels, each 4 feet long, 2^ feet broad, and 
8 inches deep. On slow cooling, the acetate crystallizes out, 
and the crystals are removed to wooden racks, to drain from 
any mother liquor, and afterwards broken up for the market. 

In the manufacture of the brown acetate, pyroligneous 
acid is used in place of the pure acetic acid. After dis- 
solving in the vats, the resulting liquors are very muddy, 
and consequently require to settle. On clearing, they are 
run to a large lead-lined pan, and heated to boiling by a 
coil. A further settling is then allowed, and the clear but 
dark-coloured liquors thence flow to the evaporating pans, 
and are concentrated till crystallization commences. A pro- 
portion of water is now added, causing the impurities to rise 
to the surface. The liquors are skimmed, and again evapor- 
ated to the crystallizing point. This is repeated, if the 
liquors remain muddy after concentration. The crystalliza- 
tion and drainage of the formed crystals are conducted in the 
same manner as in the white acetate. The yield of brown 
acetate is about 1 ton for every 13^ cwt. litharge used. 

Acetate of lead crystallizes with 3 molecules of water, 
having the formula Pb2(C2H302)3H20. It is soluble in 
3 
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alcohol, and also in its own weight of cold water. On ex- 
posure to a dry atmosphere, the salt loses its water of crystal- 
lization, and thence absorbing carbonic acid is converted into 
carbonate of lead. In a state of fusion, it decomposes with 
the formation of acetone, and leaving a residual mass of 
finely divided metallic lead and carbon. 

Acetate of lead is used in medicine under the name of 
Goulard extract or lead vinegar, the preparation being formed 
by digesting litharge in a warm solution of lead acetate. For 
technical purposes, large quantities of sugar of lead are used 
in calico printing, and in the preparation of the acetates of 
iron and alumina, for use in dyeing. 

Sulphate of Lead. — When a soluble lead salt is treated 
with sulphuric acid, a white precipitate is formed, which on 
washing and drying has the formula PbSO^. 

Sulphate of lead is also found native as anglesifce, and 
in combination with other salts as linarite, caledonite, and 
leadhillite. On the large scale, it is prepared by volatilising 
sulphide of lead (galena) on a coke bottom, and then oxidising 
to sulphate with a blast of air, the reaction being — 

PbS + O4 = PbSO^. 
It is a white crystalline powder, practically insoluble in water, 
but freely soluble in acetate of ammonium. Hydrochloric 
acid slowly converts it into chloride of lead, the hot solution, 
on cooling, depositing needle-shaped crystals of the chloride 

Sulphate of lead is volatile without decomposition at a 
red heat ; when mixed with powdered charcoal and heated 
to dull redness, it is resolved into sulphide, oxide, or 
metallic lead, according to the proportion of carbon present. 
Sulphate of lead, unlike the basic carbonate, does not 
saponify with linseed oil, the combination being a mechanical 
and not a chemical one. 

The manufacture is described under the heading of 
Sulphate of Lead. 
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Carbonate of Lead. — This compound exists naturally, as 
the crystalline cerusite, the mineral being a neutral anhydrous 
carbonate. Carbonate of lead forms both a neutral and a 
basic salt. The former is valueless as a pigment ; the latter 
is the basis, par egccellence, of a paint requiring whiteness, 
permanence, and covering power. The basic carbonate, in 
form but not in composition, has been known for over 2000 
years. Theophrastus, about 300 B.C., describes the prepara- 
tion of a white body from vinegar and lead, and Pliny also, 
in the first century, refers to a similar product. * It was 
introduced by the Dutch or Flemish people 300 years ago 
from Italy, where it had been employed many centuries 
before. As in the modern methods of manufacture, the 
production of a white pigment in the early ages depended on 
the action of vinegar on lead. The primary essentials of the 
art of making have never changed during the many centuries' 
knowledge of its value, and to-day vinegar and lead yield the 
most durable, permanent, and economical of white pigments, as 
in the dim ages of the alchemists. As before mentioned, the 
native carbonate is a neutral anhydrous body with the formula 
PbCOg ; on the other hand, the basic salt requires preparation, 
and may be produced on a small scale by treating a soluble 
lead salt with a solution of sodium carbonate. The white pre- 
cipitate, on washing and drying, has the composition of either 
of the following formulae, according to the temperature and 
concentration under which it is produced (Payen) : — 







Parts per 100. 
Carbonic Acid. 

11-31 


Water. 


Protoxide of Lead. 
86-38 


2PbC03.PbH202 = 


2-31 


SPbCOg . PbHgOa = 


85-66 


12-62 


1-72 


6PbC03.3PbH202= 


86-73 


10-65 


2-62 
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The qualities of commercial white lead, made by the 
"Dutch" process, and approximating most nearly to the 
formula 2PbC03 . PbHgOg, may be considered as standing the 
highest for durability and covering power. 

Basic carbonate of lead is totally insoluble in pure water. 
It is soluble, however, in water impregnated with carbonic 
acid, and also in solutions of potash or soda. Sulphides of 
the alkalies and sulphuretted hydrogen, convert it into a 
black sulphide of lead. Sulphuric, hydrochloric, and acetic 
acids, dissolve it with effervescence, forming the sulphate, 
chloride, and acetate of the base respectively. At a 
temperature of dull redness, the basic carbonate first loses its 
water of combination, then the carbonic acid, being ultimately 
converted into protoxide of lead, which, if the temperature is 
continued, absorbs oxygen, forming red lead — 

2rbC03 . PbHA = 3PbO + 200. + HoO 
3PbO + = Vhfi^ (red lead). 

According to the method of preparation, the basic 
carbonate of lead exists as a spongy transparent globular 
powder, or is crystalline, and on this diflFerence in the 
physical form depends its value as a pigment. 

, A crystalline basis carbonate, when ground with linseed 
or other oil, practically absorbs but little of the oil, and the 
resulting white paint lacks both covering power and per- 
manence. On the other hand, the globular form, when so 
treated, takes up the oil, somewhat as a sponge absorbs 
water ; and to this action, which is a chemical one, is attri- 
buted its greater body and durability. To this variety 
belongs the Dutch corroded lead of commerce. Only this 
form of the basic carbonate unites with the fatty acids of 
certain oils, yielding true lead soaps. With a crystalline 
basic carbonate, or any other white pigment of lead, this 
chemical action does not take place, the combination witli 
the oil being only a mechanical one. 
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The manufacture is described under the heading of 
Dutch White Lead. 

Nitrate of Lead. — The neutral salt is prepared by dissolving 
litharge in dilute nitric acid at a boiling heat, and then 
evaporating the solution to the crystallizing point, the nitrate 
of lead separating out in large octahedrons, sometimes 
transparent, although generally white and opaque. The 
crystals are anhydrous, soluble in eight times their weight 
of cold water, and also are dissolved by saturated solutions 
of saltpetre and nitrate of barium. 

At a red heat, nitrate of lead is broken up, yielding oxygen 
and nitric peroxide, and leaving the yellow protoxide of lead. 

Diplumbic nitrate, 2PbO . N2O5, is a basic nitrate of lead 
produced by boiling the neutral salt with white lead and 
water. The crystals have a sweet astringent taste. 

Triplumbic nitrate, 3PbO . ^265, prepared by precipitating 
the normal salt with excess of ammonia, exists in needle- 
shaped crystals, but sparingly soluble in boiling water. 

The basic s:its find no use in the arts, and are of interest 
only to the chemist. 

Chloride of Lead. — This compound is found native as 
cotunnite, in the form of trimetric crystals, the mineral 
having a white colour and a specific gravity of 5*23. The 
composition is— 

Lead 74*552 

Chlorine 25-448 



100-000 



It is prepared on the small scale by adding hydrochloric acid 
to a soluble lead salt, or by boiling the protoxide of lead 
with water, in which hydrochloric acid is dropped, so long as 
the resulting chloride of lead continues to dissolve (Watts). 
In hot water, chloride of lead is completely soluble ; on cooling, 
however, it separates out in needle-shaped crystals. It is 
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moderately, soluble in weak, and practically insoluble in 
strong, alcohol. When heated to redness in contact with air, 
chloride of lead absorbs oxygen and forms the series of 
compounds termed oxychlorides. It may be sublimed by 
heating out of contact with air, the fused mass on solidifying 
forming the product termed horn-lead. According to Gobel, 
when heated in a stream of carbonic oxide, phosgene gas 
(C0CI2) is produced with a separation of metallic lead. 
Chloride of lead is not used in the arts. 

Phosphate of Lead. — Phosphate of lead mixed with 
chloride is found at Leadhills in Scotland, and in Derbyshire, 
Cornwall, Yorkshire, and other places, as a yellowish-green 
mineral, with the formula SCPgOg . 3PbO) + PbClg. It is 
known to mineralogists as pyromorphite, and contains — 

Chlorine . . . . 2*52,^, , ., ,, , 
Lead 7.39 yChlonde of lead. 



Phosphoric acid . . .15*59 
Oxide of lead .... 



} 

15-59) 

74.-^0 j l^hosphate of lead. 



100-00 



On the small scale, it is prepared by adding a solution of 
sodium phosphate to a soluble lead salt, the precipitate of 
phosphate of lead separating out as a white crystalline 
powder. The phosphates of lead constitute a series of 
compounds, known as (1) orthophosphates, (2) metaphos- 
phates; they are, however, not used in the arts. 

Oxychlorides 0/ Lead. — The following combinations of pro- 
toxide of lead with chloride of lead are known : — 

(1) PbgClgO =PbCl2.PbO. 

(2) PbgClgOg = PbClg . 2PbO. 

(3) Pb^ClgOg = PbClg . 3PbO. 

(4) Pb^ClgO = 3PbCl2 . PbO. 

(5) PbgClA = PbClg . 5PbO. 

(6) Pb8Cl207 = l'bCl2.7PbO. 
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(1) PbgClgO. — This oxychloride is found native as mat- 
lockite. It is prepared on the small scale by igniting the 
chloride of lead in contact with air (Watts) — 

2rbCl2 + = PbgClgO + 2C1, 
or by fusing the chloride and carbonate of lead together, 
carbonic acid gas being evolved (Dobereiner) — 

PbClg + PbCOs = PbgClgO + COg. 
Pattison prepared this compound, as a pigment, on a manu- 
facturing scale by heating finely divided galena with hydro- 
chloric acid, in a large vat provided with a hood for carrying 
off the deleterious gases, tl^ reaction being the formation of 
chloride of lead with evolution of sulphuretted hydrogen — 

PbS + 2HC1 = PbCla + H2S ; 
any silver, copper, or iron at the same time being converted 
into chlorides. On cooling, the chloride of lead was deposited 
in crystals, along with the chloride of silver, and from this 
residue any soluble chlorides of iron and copper were easily 
washed by cold water. The residue was now transferred to 
a large vat of boiling water, which dissolved the chloride of 
lead, and leaving a small residue of chloride of silver and 
any silicious matter ; and from this, the silver was separated 
by drying and then melting the residue with lime. The 
hot solution containing the chloride of lead was then treated 
with thin hydrate of lime, in quantity sufficient only to 
neutralise half of the hydrochloric acid present, the precipitate 
of oxychloride of lead formed, being dried and ground in oil, 
as a substitute for white lead. 

(2) PbgClgOg. — Interesting only as a mineral. It occurs 
native as mendipite. 

(3) Pb4Cl20s. — This compound is prepared by fusing 
chloride and protoxide of lead — 

3PbO + PbCl2 = Pb,Cl203. 
and also as a hydrate Pb^ClgOg . HgO, by precipitating basic 

acetate of lead with common salt, or by decomposing a 
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solution of common salt with protoxide of lead (Watts). 
This oxychloride in the anhydrous state forms a yellow 
powder, which has been used to some extent as a pigment. 
The hydrate also has been prepared on the large scale, by 
Pattison, for use as a substitute for white lead. 

(4) Pb4ClgO. — This oxychloride has no commercial im- 
portance ; it is prepared on the small scale by fusing together 
a mixture of 4 parts chloride with 1 part protoxide of lead. 

(5) PbeCl205. — On fusing 5 parts of protoxide with 1 
part chloride of lead, it is produced as a deep yellow powder. 

(6) Pb8Cl207. — This oxychloride is fornied by fusing 10 
parts protoxide of lead with 1 part sal-ammoniac. It formerly 
had a commercial value, and was known as cassel yellow. 

Sulphides of Lead. — Lead unites with sulphur, forming 
three compounds, namely, the subsulphide, tetrasulphide, aiid 
the protosulphide of lead. While little is known of the 
constitution and properties of the two former, the latter is of 
especial importance, as the basis of galena ore. On a small 
scale, it is formed by treating a soluble lead salt with sul- 
phuretted hydrogen, or by heating to dull redness lead filings 
and sulphur. Protosulphide of lead is acted upon by strong 
acids, hydrochloric acid converting it into chloride of lead 
with liberation of sulphuretted hydrogen, and fuming nitric 
acid oxidises it to sulphate of lead. 



CHAPTER IV. 

Dressing of Lead Ores. 

Galena when mined is generally found mixed in more or 
less proportions • with pyrites (iron and copper sulphides), 
blende (zinc sulphide), calamine (zinc carbonate), light spar 
(carbonate of lime), heavy spar (sulphate of barium), sand- 
stone, quartz, and other silicious matters, according to the 
strata in which the ore is found; and to remove these 
ingredients, and thus concentrate the ore and render it fit 
for smelting, the operation of "dressing" is carried out. 
This method of treatment consists of a washing of the 
crushed ore, the particles thereafter arranging themselves 
according to their specific gravities. If a mixture of a 
pure galena and quartz crushed to a similar state of division, 
were equally washed through a sieve into a receptacle 
beneath, it would be found that the bottom layer would 
contain the galena, and the surface layer the lighter quartz. 
Or, if a mixture of the two were deposited at the head of 
an inclined plane and washed with water, the stream would 
carry the quartz farther than the galena and thus allow the 
two bodies to deposit themselves, the heavier mineral nearest 
the end of the plane, whilst the lighter quartz would be 
carried farther on. This difiference in deposition is solely 
due to the variation in the specific gravities of galena and 
quartz, the former being 7*5 and the latter only 2*6. In 
the first example, the velocity of fall after a lapse of one 
second, according to P. von Rittinger, would be 1 6*309 

41 
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inches for the heavy galena and only 8 '031 inches for the 
lighter quartz, consequently the lead would be first de- 
posited; in the second, the heavy specific gravity of the 
galena would ofifer a greater resistance to the flow of 
water than the lighter quartz, and thus be carried a lesser 
distance. 

On the large scale, the ore first undergoes a crushing 
process, being resolved into fine particles for the better 
separation of extraneous matter in washing. In the olden 
days of lead-mining, this was done by means of a " bucker " 
and " drag," — the first being a kind of hafnmer with a long 
shaft or handle, called the " brashing bucker " ; and the 
other, a strong toothed iron rake, to drag ofif or separate 
the less from the more crushed parts, after the " brashing 
bucker " had been used. This laborious method gave way to 
a form of the modern stamping mill, consisting of three 
strong wooden posts, perpendicularly placed, and working in 
guides attached to the framework of the mill. The posts 
were actuated by three cams fixed to the horizontal shaft- 
ing, and at their lower ends were affixed shoes or stampers 
of cast-iron, which worked in iron mortars resting on blocks. 
At the back of each mortar were placed a series of holes 
for the crushed ore to pass through by the aid of a current 
of water. The number of drops made by each post were 
20 to 30 per minute. 

In the modern mill as many as 100 head of stamps 
are used in a battery, and some are driven by compressed 
air, or steam in the form of a steam hammer, the number 
of drops each minute ranging from 80 to 90, and crushing 
100 to 120 tons of rock ore in twenty-four hours. 

The crushed ore is washed through a screen placed in the 
lower half of each mortar, and forms a pulpy mass for further 
treatment. When the ore is mixed with large pieces of rock 
or mineral, it undergoes a preliminary breaking, before enter- 
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ing the mill, by passing through a " stone-breaker " to reduce 
the lumps to a size convenient for stamping. 

Washing the Crushed Ore. — The washing of the ore, to 
effect a separation of extraneous matter, is of vital import- 
ance to the smelter, for on its cleanliness depends the success- 
ful working of his furnace and the quality of lead yielded. 
The presence of any appreciable quantity of stone or quartz 
prevents vitrefaction, the hearth becoming choked, and the 
produce greatly wasted ; on the other hand, light spar is the 
most harmless ingredient that can be left in the ore, for, at 
a moderate smelting heat, it digests into a very light and 
distinguishable slag. With heavy spar, which is a close, 
opaque, and extremely refractory substance, the opposite 
takes place, heavy spar being infusible even at a high 
temperature. Copper and iron pyrites and all autimonial 
ores, when present, are very pernicious, the latter rendering 
the lead hard — ^a property which makes it unfit for many 
uses in the arts ; whilst the smallest amount of copper 
renders the "pig" lead produced quite useless for the 
manufacture of white lead. A careful washing, then, is a 
necessity, and, as before mentioned, the art depends entirely 
on the differences in specific gravity of the ingredients of the 
crushed ore. 

Various mechanical contrivances are used for the purpose, 
amongst which may be mentioned : The huddle, the syphon 
separator, the jiggers, the shaking table or frame, and the 
magnetic separator. 

The huddle has long been employed for washing lead ores, 
and several forms of it are in use : for instance, the trunk 
huddle, which consists of a flat chest or trunk, 9 feet long, 
3 feet broad, and 10 inches deep, supported on wooden 
stays, and having an outlet 8 inches in width at one 
end for the water ; to this or lower end, is connected a 
passage to a wooden box 18 inches in length and 14 inches 
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in width and depth. The trunk and passage are fixed at an 
inclination to the box. 

The crushed ore is shovelled into the trunk at the head, 
and subjected to a current of water, which carries the 
lighter matter over to the box, leaving the heavier or 
richer portion at the end of the trunk, which is dug out 
in sections, dried, and made ready for smelting. 

The round huddle is either made concave or convex; 
in the former, the dip being to the centre, the crushed ore 
is fed round the circumference, and washed with a stream 
of water, which carries the lighter matter to the middle of 
the washer, where it falls through an opening. With the 
convex form, the working conditions are reversed, the feed 
being in the centre, and the circumference receiving all the 
tailings, of little or no value to the smelter. 

The circular huddle, devised by Herr Hundt, and de- 
scribed in the Mining and Smelting Magazine (1862), is a 
very effective form of the concave washer. 

In Fig. 1, A represents the end of section of the slime or 
pulp trommel, over the outside of which the launder B dis- 
charges clean water for the washing. C is the inflow for 
the slimes, delivering them to the central trough D, which 
is fitted concentric with and is supported by the vertical 
axis E. This also carries the four arms F F F F, which are 
connected to and revolve with the central trough. The wooden 
bars G G are connected with the four arms by vertical sliding 
braces H H H H, which can be raised or lowered by regulat- 
ing screws. Attached to each of these wooden bars is a piece 
of canvas I, to give the slimes an even surface when the 
arms are rotating. The floor of the huddle is at K, and has 
a fall, varying with the nature of the work, from the circum- 
ference to within a certain distance of the central opening, 
where it becomes horizontal ; L is the central annular 
opening for the escape of the *' tailings," which pass away 
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by the launder M. N is the shaft, which, moved by any 
convenient power, gives motion to the washer — to the arms 
F F, and also the diagonal distributing launders 0. 
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These launders are in communication with the central 
trough D, from which, in their revolution, they carry the 
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slimes to and distribute them at the outer edge of the 
buddle. The speed at which the arms and distributing 
launders revolve vary with the nature of the slimes, from 
8 to 16 revolutions per minute. 

The syphon separator is another form of washing machine, 
and depends for its action on the upward flow of a current 
of water. According to Neve Foster, this machine is used 
largely at Metternich for the treatment of the soft, lead- 
bearing sandstones, and is capable of working up 270 to 
300 cubic feet of crushed sandstone per hour. For a full 
description of the separator the reader is referred to that 
author's work on Ore and Stone Mining. 

The jigging machine, or jigger as it is familiarly known, 
is largely used for washing lead ' ores ; the simplest form, 
consisting solely of a sieve, containing the crushed ore 
which is moved rapidly up and down in a tub of water, 
the particles arranging themselves according to their density, 
the heaviest and richest portion being at the bottom. 

An improvement on this simple form is seen in the jigger 
having the sieve stationary, the water being forced upwards 
through the crushed ore by the action of a piston working 
in a compartment below the sieve. The most eflBcient form 
of this washer is known as the " Hartz Continuous Jigging 
Machine," and described by the Mining and Smelting Magazine 
(1864). Fig. 2 represents a section of the jigger. 

The work to be treated is shovelled into the inclined 
feeding hopper A in front of the machine, from whence it 
is gradually carried by the force of the stream of water 
from the launder P into the perforated trommel B. This 
trommel retains any obstructive matter, after which the 
pulp arrives at the jigging sieve C. In the bottom of this, 
a layer of coarse galena is placed from ^th to |th of an 
inch in size, which acts to a certain extent as a filter, and, 
by checking the flow of the slime, enriches the ore before 
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the galena passes through the sieve. The fine rich ore, on 
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leaving the sieve, falls into the conical hutch E, made of 
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zinc plates, and from thence into the bin E', when it is 
ready for the smelting house, making a produce containing 
75 to 80 per cent, of lead if rich ores have been treated, 
or ready to be washed again on the huddle if very poor 
ores have been used. The larger grains of the ore that 
cannot pass through the sieve accumulate round the pipe 
F, which can be arranged to any required level, and is 
surrounded by a protecting cylinder G, to prevent the 
mixing of the grains. When these grains accumulate to the 
level of the pipe, they pass through it, by the zinc pipe H, 
into the bin I, placed beneath, and are then ready for 
smelting. The sieve has a slight inclination towards the 
cylinder G. 

The apparatus is set in motion by the piston K con- 
nected with the rod L, and the number of strokes per 
minute is 140. In front of the apparatus is the launder 
M, furnished with ledges 2 feet long and 4 inches high, 

« 

into which the lighter waste is carried by the stream of 
water forced up by the piston, through the openings placed 
on the top side of the hutch, from whence they pass to a 
flat huddle for further washing. By this machine, about 
120 to 150 cubic feet of crushed ore can be dressed in a 
working shift of twelve hours by two workmen. 

The shaking table or frame is another form of dressing 
machine used chiefly in the lead-mining districts of France, 
Belgium, and Germany, and is called in the two former 
countries "Table a Secousses," and in the latter "Stossheerde." 
In principle, it differs merely from the ordinary huddle in 
being subject to a shaking or percussion motion, which 
largely aids the separating process. For this purpose the 
frame is suspended by four chains, two at each end, thole 
in front being attached to a roller, so as to allow tlie 
alteration of the inclination of the frame as required. The 
whole is supported by a framework of timber, and the 
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machine is set in motion by a forward impulsion being given 
to the frame, after which it is allowed to fall backwards by 
its own weight. 

In the shaking table devised by Mosheimer, the arrange- 
ment consists of a number of hoppers or delivery boards, 
one or more supplying a table with the pulverised ore, 
and the others the water thereto ; the table being suspended 
at an angle, and caused to reciprocate laterally by means of 
an eccentric and rod, so that the ore is spread evenly over 
the surface at the upper edge of the table ; but by the 
reciprocating motion, the valuable or richest portion of 
the ore accumulates at one side of the table, the middle 
quality near the centre, and the inferior portion at the 
other side. 

ITie Magnetic Separator, — It is only within the last few 
years that electro-magnetism has been utilised for the dress- 
ing of ores, especially that class designated as "mixed 
sulphides," and which contain a relatively high proportion 
of iron pyrites (sulphide of iron). 

The principles underlying the magnetic separation of 
minerals are well set forth by Langguth (Zeitschr, Elektrochem, 
5th April 1900). He explains the action as the result of 
the respective influence of weight, motion, and the less or 
greater magnetism of the particles of ore, and considers that 
two main features are to be considered in efiTecting a rational 
separation — (1) production of strong magnets with the least 
expenditure of energy, and (2) separation of the magnetic 
and non-magnetic products into divergent paths with the 
least amount of power. Langguth considers the conditions 
best suited for utilising magnetic energy to be (1) genera- 
tion of magnetic currents of the least possible potential 
and the greatest density, and (2) the passage of the 
material to be operated on at the least possible distance 
from the magnetic poles. Although theoretically simple 
4 
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(continues the author), these conditions are not brought into 
effect in the majority of electro-magnetic separators. Very 
narrow fields are awkward for separation, and, on the 
other hand, crushing the ore to uniform grains is not easily 
accomplished. 

Theoretically, the diameter of the grain need not exceed 
the width of the field, but in practice twice the distance 
is required. Direct contact of the particles of ore with 
the bare poles is hardly feasible, owing to the manner in 
which the ore has to be conveyed ; as the material is 
attracted with variable intensity by the two poles, actual 
experiments must decide the exact distance at which it 
must be passed. 

The magnetic separators, of which various forms are 
in use, are worked with endless canvas bands, with rolls, 
or by deflection with fixed magnets. The Conkhng machine 
is a good representative of the endless belt system of working. 
It -consists (JEnglish Mining Journal, vol. liii., 1892) of two 
iron rollers, round which travel, at a certain inclination, 
a canvas band, 3 feet broad. Between the upper and 
lower layers of canvas is fixed a series of electro-magnets. 
The feed is from a hopper placed directly over the lower 
roller, and as the crushed ore falls on the band it is 
carried over the magnetic field, receiving, during the passage, 
a washing from a current of water. The magnetic particles 
adhering to the band are carried over the higher roller, 
while the non-magnetic portion of the ore is washed away 
at the lower. 

In the roller system of separators (JEnglish Mining 
Journal, 1883) the crushed ore is allowed to drop between 
revolving rollers, supported on, or containing within, electro- 
magnets. The non-magnetic particles fall through unaffected 
by the magnets, while the magnetic portion is attracted by 
and adheres to the rollers, falling off at a point in their 
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revolution, where the centrifugal force is stronger than the 
magnetic attraction. 

A very efficient magnetic separator has been patented 
(1900) by Bethridge & Edward, and is used for dressing the 
complex ores at Broken Hill. The process (according to the 
Queensland Government Mining Journal) consists of passing 
the crushed ore through revolving screens or trommels, for 
sizing purposes. The ore is then fed dry into a bin on 
the separator, which bin has holes at the bottom for the 
ore to pass through into a feed regulator, capable of 
adjustment as the feed is required. The ore then falls 
on the point of the hinged armature (which is ofif the 
poles of the magnet), and gravitates over its front edge 
and the pole of the magnet. Having passed over the 
point of the armature, the paramagnetic particles are 
attracted towards the pole beneath, which attraction causes 
a division between the paramagnetic and the diamagnetic 
material. This is divided at this point and conducted 
into enclosed shoots by a sharp-edged piece of brass-plate, 
called a demarcator. The magnet has a working face of 
4 feet. In the removal of iron pyrites, rhodonite, sand- 
stone, and other paramagnetic substances, and the production 
of a good concentrate for further treatment, if desired, by 
the water process, to recover the silver-lead from the 
silicates, this form of separator is said to work very 
satisfactorily. 

The machine has an output of over 3 tons of treated 
ore per day of eight hours, and requires to operate it, 
13J volts, and the cost of this electrical energy is only 
3fd. 

The necessity of a careful preparatory treatment to 
free the ore as far as practicable of the associated metallic 
and silicious compounds, may be gathered from the fact 
that the former — ^arsenical iron and copper pyrites, blende, 
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and antimonial sulphides — seriously afifect the reaction of 
the lead compounds in the furnace, and give rise to a loss 
of lead and silver in the after-process of cupellation, while 
the latter, form fusible lead silicates, which remain so liquid 
during the furnace treatment, that the charge cannot be 
worked. 



CHAPTER V. 

Smelting of Lead Ores. 

In the metallurgical processes for the extraction of lead 
from the dressed ores, the form of furnace depends on the 
nature of the ore treated: for instance, the smelting of 
galena is confined entirely to the reverberatory type of 
furnace ; on the other hand, the native carbonate and sulphate 
of lead, or a mixed sulphide ore, is better suited for and is 
smelted in the shaft or blast furnace. 

The systems in use may be classified as follows : — 

1. Reverberatory furnace. 

2. Open hearth. 

3. Blast or shaft furnace. 

In the first, the process is mainly an air-reduction one, 
by double decomposition; in the second, a deoxidisation by 
carbonaceous matter; and in the third, a deoxidisation and 
reduction by the aid of carbonaceous matter and iron oxide. 

1. Smelting in the Reverberatory Furtmee. 

This type of furnace is well known in England as the 
Flintshire; it consists of two parts — one for the burning 
of the fuel, called the grate, and the other, the hearth or 
bed, on which the operation of smelting takes place, the 
separation being effected by a low ridge of brickwork termed 
the bridge, the whole being covered by a roof, having a 
declivity to one end of the furnace. The flame and pro- 
ducts of combustion from the grate pass over the bridge, and, 

68 
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reverberating against the sloping roof, rebounds on the hearth, 
ultimately passing away by an end flue. The furnace is pro- 
vided on each side with three doors, and on the working side 
two tap-holes exist — one for running off the lead, and the 
other for the sl^. The ore is fed into the furnace through 
^ hopper fixed directly over the centre of the hearth. 

Chemically, the action taking place with a charge of 
galena in the furnace is a complex one. In the partial 
roasting of the ore, two distinct reactions occur, resulting 
in the formation of oxide and sulphate of lead, with evolution 
of sulphurous acid gas, thus — 

(1) 2PbS + 302=2PbO + S02. 

(2) PbS + 04 = PbS04. 

On continuing the roasting at an increased temperature, 
the oxide and sulphate react on the remaining unchanged 
sulphide, yielding metallic lead and sulphurous acid, thus — 

(1) PbS-l-2PbO =3Pb + S0a. 

(2) PbS + PbSOi=2Pb+2SO,, 

These reactions form the basis of the metallurgy of lead. 



—Flintshire Furnace. Section. 



Figs. 3 and 4 represent the section and plan of a Flint- 
shire furnace. It is built of ordinary fire-brick, with an 
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internal lining of good refractory material to resist the dis- 
solving action of the lead, the structure being well tied together 
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Fio. 4.— Plan. 

with tie-rods. The dimensions vary in different works : the 
following, however, is a general internal measurement — 

Feet. Inches. 
Length of fire-place . 
Width 

Length of hearth 
Width „ (middle) 

„ „ (flue end) 

Top of bridge to roof 
Height of doors 
Width 

The hearth of the furnace is formed by the slag taken 
from a previous smelting, which is softened to a pasty mass 
and then rabbled evenly over the surface ; this is repeated 
until a depth of 7 to 8 inches is obtained. The decline of 
the hearth is to the working side, and forms a well 1 6 inches 
below the middle door, and into this cavity runs the metal pro- 
duced during the operations in the furnace. In the section and 
plan, the different parts of the furnace are marked as follows : — 

A. Fire-grate. B. Fire-bridge. 

C. Hearth. D. Flue. 

E. Tap-hole. F. Lead-pot. 

G G G. Doors, labourers' side. H H H. Doors, working side. 
I. Hopper. J. Charging door for fuel. 

K. Well. 
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After running off the metal and slag from the previous 
smelting, the furnace is partially cooled by opening the doors 
and lowering the dampers, the hearth meanwhile being evenly 
spread and made ready for the next charge. This cooling 
down to a very dull red heat is necessary, otherwise the 
charge of galena would melt, and roasting would become 
impossible. 

The weight of the charge varies in dififerent localities ; 
in some it is only 12 to 14 cwt., while others rise 20 to 25 
cwt.; generally, however, a charge of 20 cwt. is used. 

The furnace being ready, the charge of ore is dropped 
through the hopper I, and then spread evenly on the upper 
parts of the hearth C, care being taken to keep the lower 
part, or the well, K, clear. With the closing of the doors, 
and the checking of the draught, by suitably lowering the 
dampers, commences the first stage of the operation, techni- 
cally known as the first fire, and resulting in the partial 
oxidation of the sulphide to oxide and sulphate of lead with 
evolution of sulphurous acid gas. During this stage, little or 
no fresh fuel is used, the low fire in the grate, along with 
the heat retained by the furnace from the working of the 
previous charge, being sufficient to effect the necessary 
chemical changes. From time to time, the ore is turned 
over from the labourers' side of the furnace with a rabble, 
to expose fresh portions to the unconsumed oxygen which 
passes over the hearth. At the end of an hour and a 
half, the white fumes, given off copiously during the opera- 
tion, are seen to diminish considerably in quantity, and 
the furnace doors are opened for a short time to furnish 
additional oxygen to complete the proportions of oxide and 
sulphate necessary to react on the unaltered sulphide in the 
next stage. In two hours from the start, the first roasting 
has been carried far enough. 

Fresh fuel is now added to the fire, the furnace doors are 
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closed, accompanied with a raising of the dampers, the heat 
being increased to bright redness, and the second stage is 
entered on. During this stage a large reduction to the 
metal is effected, the lead running down the slope of the 
hearth to the well K. After an hour's exposure to this 
temperature, the doors on the working side are opened, to 
cool the furnace a little, a result which materially aids the 
reduction and separation of the metal. Meanwhile the slags, 
which have become pasty and with a tendency to run, are 
stiffened with a little quicklime thrown over them, which, 
after mixing, are thrust back with the rabble on to the 
higher parts of the hearth. The quicklime acts both 
mechanically and chemically. The mechanical part, in 
addition to rendering the slags more workable, and thus 
effecting a better separation of the lead, also assists the action 
between the oxide and sulphide, by lowering the fusibility of 
the mass ; while, chemically, any silicate of lead formed 
during the operation, is broken up by its use, liberating the 
oxide of lead, so that it may react on any unchanged sulphide 
present. 

The doors are now shut, and the third stage commenced 
by throwing on the grate more fuel to bring the heat to 
bright redness. This is continued for an hour, and the work- 
ing doors again thrown open, and the pasty slags, stiffened by 
the addition of more quicklime, are thrust back from the 
lower parts of the hearth, which now contain a large pro- 
portion of metallic lead. 

In the fourth and last stage of the smelting, the doors 
are closed, and the heat again raised to bright redness for an 
hour. The tap-hole is now pierced, and the molten lead 
allowed to flow into the lead-pot F, placed adjacent to the 
middle door. The slags are again stiffened with a little 
quicklime, and raked out through the doors on the labourers' 
side of the furnace, to be afterwards smelted, for the lead 
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they contain, in the slag-hearth. The time occupied in 
working a charge of 20 cwt. of ore is about five hours, and 
the coal consumed averages 13 cwt. 

The surface of the molten metal in the pot rapidly oxidises, 
forming a rich dross, which is skimmed off and returned to the 
furnace. Meanwhile, preparations are made to run the contents 
into moulds to form what is technically known as " pig lead." 
In this state the metal is " hard," and quite unsuitable for 
industrial purposes, containing, as it does, such impurities 
as iron, zinc, antimony, and also the whole of the silver 
originally existing in the ore, as sulphide. The silver, a 
very important item to the smelter, is removed by either the 
Pattison or Parkes desilverization method, and the lead is 
" softened " ; that is, the impurities are removed by oxidation 
in the calcining furnace, to be described hereafter. The 
slag produced amounts to 20 to 25 per cent, of the weight 
of ore treated, and contains a high percentage of lead as 
oxide and sulphate. The following analyses represent the 
composition of slag, from the Flintshire reverberatory 
furnace : — 
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French Process of Reverheratory Smelting, — The reactions, 
on which rest the working of the reverberatory furnace in 
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France, differ somewhat from those of the English, the main 
object of the roasting being to form a large proportion of 
sulphate of lead along with a small portion only of protoxide 
of lead, the former ultimately acting on the unaltered 
sulphide, at a higher temperature, forming protoxide of lead 
and sulphurous acid, the reduction of the protoxide to the 
metal being effected at a later stage by carbonaceous 
matter. 

The following equations represent the reactions occurring 
during the process : — 

(1) PbS + O3 = PbO + SO2. 

(2) PbS + 0, = PbSO^. 

(3) PbS + SPbSO^ = 4PbO + 4SO2. 

(4) 4PbO + 4C = 4Pb + 4C0. 

Any unacted sulphate left in the charge is reduced by 
the carbon to sulphide, and then, by reaction with another 
portion of sulphate, forms protoxide of lead by equation 
No. 3, which is ultimately converted into metallic lead by 
equation No. 4. 

The structure of the furnace varies but little from the 
Flintshire type, the difference being that the doors (three 
in number) are placed in the front or working side of the 
furnace. 

Fig. 5 represents a section of the French reverberatory 
furnace. 

A. Fire-grate. B. Fire-bridge. 

C. Hearth. D. Flue. 

E. Tap-hole. F. Lead-pot. 

G G G. Working doors. H. Hopper. 

I. Well. J. Charging door for fuel. 

In working the furnace, the charge of 20 cwt. is run 
through the hopper on to the hearth, and evenly spread on 
its uppermost parts. The temperature is low at the com- 
mencement, but as the action proceeds it is gradually raised 
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to a point approaching dull redness. At the end of two 
hours, a thick white crust of sulphate of lead is found to 
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Fig. 5. — French Reverberatory Furnace. Section. 

have formed on the surface of the charge. The doors are 
now opened, and the mass is vigorously rabbled to produce 
an intimate mixture of the whole. On closing, and raising 
the temperature, the sulphate reacts on the unchanged 
galena, and yielding, after two hours' exposure, a large pro- 
portion of litharge or yellow oxide. The final stage is the 
reduction of this product to the metal ; and for this purpose, 
the doors are again opened, and the furnaceman throws into 
the furnace several shovelsful of small coal, intimately mixing 
it with the mass on the hearth. After clearing the well for 
the reception of the lead, the doors are closed, and a brisk 
fire is made up on the fire-grate. The lead now begins to 
trickle down the sloping hearth, and as the temperature 
increases, the greater becomes the reduction, the well being 
gradually filled with the molten metal, which is tapped off 
into the lead-pot. A further addition of small coal is made 
to the pasty slags, the temperature again raised, which reduces 
to the metal the remaining portion of the protoxide, along 
with any unacted sulphate of lead. The metal is cast into 
" pigs/' a^d then desilverized and refined in a manner similar 
to the English procedure. 



SMELTING OF LEAD ORES 



61 



Austrian Process of Beverheratory Smelting. — At Eaibl and 
Bleiberg in the province of Carinthia, the ore is well adapted 
for reverberatory smelting, being mined from the beds of 
the Alpine limestone, and containing a good percentage of 
the metal. 

The process is based on chemical reactions similar to 
those taking place in the French furnace, and, in working, 
the yield, as stated by Thum, is 60 to 65 per cent, of the 
metal, the lead in the ore being 65 to 70 per cent. This 
shows a loss of 5 per cent., of which perhaps half is found in 
the residues of the furnace. They are collected, washed, and 
treated with the furnace slags. 

Figs. 6 and 7 show the elevation and plan respectively. 

In construction, two furnaces are built side by side and 
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Fig. 6. — Bleiberg Furnace. Elevation. . 

work into one chimney. Thum, in describing the Bleiberg 
furnace, says it is 10 ft. 4 in. long and 4 ft. 10 in. wide, 
and the fire-bridge is 4 ft. 2 in. long by 5 J in. broad, 
with a flue 9 in. wide. As will be seen from the drawings, 
the sole of the bed has an inclination of 9^"" towards 
the working door G, at the narrow end of the furnace. 
The fire-door is situated at the same end of the furnace, and 
opens to the fire-place, which is constructed alongside of and 
in the direction of the length of the bed and with the same 
inclination. The opening to the flue D is just in front of 
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the working door, and communicates with the flue passing 
over the two furnaces leading ultimately to the common 




Fig. 7.— Plan. 

chimney. At the working door G, a cast-iron plate is 
fixed, hollowed out in the middle, which enables the lead to 
flow direct into the mould placed beneath. The furnace is 
constructed with ordinary fire-brick and slabs of hunter 
sandstone; the latter material, although containing a con- 
siderable amount of iron, is considered sufficiently fire-proof 
for the interior parts. Only the sole of the hearth is made 
of refractory clay, which is rounded at the sides, and thus 
enables, with its inclination, the metal to flow off from all 
sides of the working floor. In order to avoid any consider- 
able loss of lead from the fissuring of the sole, it must, after 
being laid down, be perfectly air-dried, and then subjected 
to a gradually increasing temperature ; afterwards the smelt- 
ing of the slags forms a compact impervious glaze, which 
prevents any absorption of the lead. The sole requires to 
be renewed every four to five weeks. 

The practical working of the furnace consists of three 
stages— roasting, stirring, and pressing; and the charge of 
ore averages 3 J cwt. Before charging, the furnace is allowed 
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to cool to a dull red heat, and the charge is then thrown 
through the working door and evenly spread on the higher 
parts of the hearth. The retained heat, assisted by a little 
fuel thrown on to the low fire in the grate, soon ignites the 
sulphur of the ore, and the first or roasting stage, commences. 
For three hours a low red heat is kept up, and the charge is 
moderately stirred from time to time. When the sulphurous 
fumes disappear and the lead is seen trickling down to the 
front of the furnace, the temperature is raised considerably, 
and the charge stirred every quarter of an hour, so that the 
various portions may be brought to react on each other at 
an equally high temperature. In five to six hours, the 
" stirring " process is done, and the furnace is cooled down to 
some extent to enable the workman to gather the charge 
into a heap; this done, he covers it with several shovels- 
ful of burning fuel from the grate, and intimately mixes 
the whole together. The temperature of the furnace is 
raised as high as possible, and the third or " pressing " stage 
commences. This consists principally of working the charge 
well up together at the highest possible temperature, at the 
same time repeating the addition of carbonaceous matter, 
until, within about three hours, the remainder of the lead 
runs ofif through the working door. The slags, rich in lead, 
are washed and re-smelted as before mentioned. 

2. Smelting in the Scotch or American Ore-Hearth. 

Smelting in the ore-hearth yields a purer lead than what 
is obtained from the reverberatory furnace. The hearth also 
costs much less for construction, and the outlay for fuel and 
labour in working is lower. 

The rudest type of the ore-hearth is the primitive form 
known as the Backwoods hearth, which consisted of a square 
chamber built in such a position as to be exposed to the 
prevailing wind. In the chamber were placed layers of 
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wood and turf on which the picked ore was laid. With the 
kindling of the fuel and the consequent raising of the heat, 
part of the ore was reduced to the metal, which ran out at 
the bottom, and part remained as sulphate of lead, which in 
its turn was reduced to the metallic state by the action of 
the fuel. . The method was only applicable to pure ores, and 
involved considerable loss by volatilisation. 

In the district of Alston Moor, Cumberland, and in the 
lead-mining centres of Scotland, smelting was formerly carried 




Fig. 8. — Scotch Ore-Hearth. Section. 

on by the open-hearth furnace, as shown in Fig. 8. In working, 
the hearth A was filled with peats, and a wall of the same 
fuel built up in the front of it. The bellows B were then 
put in motion, the peats lighted, and the flame communicated 
to every part of the hearth. A little coal was then added to 
the fire to give firmness and durability, and the first charge 
of " brouse " thrown on the top, the " brouse " being a 
mixture of ore imperfectly reduced to lead and slag, with 
half-burnt cinders and slag from the previous smelting. In 
about half an hour, the charge was raked out on to the 
work-stone C, and the grey-slag, largely composed of 
silicate of lead, picked out and thrown on one side for further 
smelting at a higher temperature in the slag-hearth. The 
fire was again made up on the hearth with peats and coal, 
and the picked '* brouse " along with a charge of fresh ore 



SMELTING OF LEAD ORES 65 

thrown on, some lime also being added to check the fusibility 
of the silicates. Beduction to the metal now commenced, 
the lead trickling down through the interstices of the fuel to 
the bottom of the hearth. This -withdrawal of the " brouse " 
from the furnace, and the building up anew of the iire, along 
with frequent stirring of the mass to prevent vitrefaction, was 
carried out at intervals of half an hour, during a twelve 
hours' working of the furnace, and by this time a considerable 
portion of the lead had been reduced, and was discharged by 
a gutter to a " sump " or outer basin, from whence it was 
cast into " pig " moulds. 

The waste arising from the volatilisation of lead and its 
poisonous effects on the workmen, led to the modern type of 



Fia. 9. — EacloBed Ore-Hearth Fitroace. Elevation. 

the hearth furnace now used in this country. In Fig. 9 
it is shown arched over the top, and connected with a flue 
A to convey the " fume " to a suitable condensing arrange- 
ment for recovery. The sides and bottom of the hearth are 
lined with cast-iron plates, and in front is placed the sloping 
iron plate E forming the work-stone. In the opening C 
5 
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access is obtained to the tuyeres placed at the back of the 
hearth, which is chained with ore and fuel through the 
aperture D, The lead on reduction runs from the hearth 
by a gutter E to the melting pot F, heated by a separate 
fire, and then moulded into " pigs " for further treatment. 
The working of the " enclosed " is similar to that of the 
" open " hearth, already described. 




The furnace known as the American ore-hearth is a con- 
siderable improvement over the Scotch type, inasmuch as. 
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from its construction, the air before entering as blast through 
the tuyere is heated up to 150° C, by circulating round the 
hearth, and thus effects a better reduction, in addition to 
saving fully 10 per cent, of fuel during each shift. In Fig. 
10, A represents the casing or jacket made of cast-iron and 
fixed in the upper part of the hearth B. The cold air is 
forced into the casing through the pipe C, and emerges at 
D, passing from thence in its heated state to the tuyere 
E by the pipe F. The work-stone G is also made of 
cast-iron, with a gutter for the melted lead to flow into 
the pot H. Practically, the working conditions are the 
same as those of the " enclosed " hearth, and the yield of 
metal averages 80 cwt. in a double shift of twenty-four 
hours. 

The successful working of the ore-hearth, necessitates a 
carefully regulated and divided blast to produce just suflBcient 
heat to effect the reduction of the ore without fusing the 
contents of the hearth into a slag. During the working, the 
mass of " brouse " requires constant stirring, otherwise it 
would become a vitrified body, through which the heat could 
not penetrate, nor could any reduced lead find a passage 
through it to the bottom of the hearth. The lime plays no 
chemical part in the reduction of the " brouse," but is only 
added to correct any tendency of it to become pasty, which 
may arise from the nature of the ore, or to excessive heat of 
the hearth. Its use should therefore be limited to this 
mechanical action. 

The ore-hearth makes a division of the ore into lead and 
a vitrified product known as grey-slag. Some rich slags and 
hearth-ends, containing partially reduced " brouse," are also 
produced, and are treated afresh in the ore-hearth. The 
accumulation of grey-slag, whether from the reverberatory 
or ore-hearth furnace, is worked up in the slag-hearth 
yielding lead and black-slag. 
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The following analysis represents the composition of an 
ore-hearth slag : — 



Oxide of lead 
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Smelting of Grey-Slags, — The grey-slags produced by the 
reverberatory and ore-hearth furnaces, are treated in the 
slag-hearth for recovery of the lead they contain. The 
operation of smelting in this hearth, dififers from that of the 
ore-hearth in this, that in the latter the ore to be operated 
on does not undergo an entire liquefaction or fusion of its 
parts, but only a partial one at a moderate heat, whereas in 
the slag-hearth the contents suffer a total dissolution at 
a high temperature. The slag-hearth also differs from the 
other in its construction and in the materials of which it is 
formed, the sides being built of fire-brick or refractory free- 
stone to resist the intense heat. Figs. 11 and 12 represent 
the sectional elevation and plan of a slag-hearth. The 
dimensions are 26 in. in length from the back to the fore- 
stones, by 20 in. in width and 33 in. in depth, inside 
measurement. A is the body, B the tuyere, C a cast- 
iron plate forming the bottom of the furnace, D an outer 
pot for receiving the slag and metal from the hearth, E 
slag tank, and F is a lead-pot for receiving the metal from 
the outer pot D. The iron plate C, and the outer pot D, 
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are covered with a thick layer of coal ashes, tightly rammed 
down, which forms a filter to separate the lead from the slag. 




Fig. 11. — Slag-Hearth. Section. 




Fig. 12.— Plau. 

Lead is too heavy, and, when in fusion, too subtle a body, 
to float upon coal ashes ; slag, on the other hand, is too light, 
and at the same time too thick a substance, though in fusion, 
to sink in such ashes ; consequently, when two such substances 
are distinct (and passing through the high temperature of a 
slag-hearth makes them so) and when they are deposited on 
the layer of ashes, the heavier lead will sink through, while 
the lighter slag will float on the surface. This bed of coal 
ashes is also of further use in conveying from the hearth to 
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the outer pot D of the slag upon, and of the lead beneath, 
its surface. From this outer pot, the molten metal is con- 
veyed through an opening in the bottom to the lead-pot F, 
and thence cast into pig lead. The slag meanwhile floats 
over the layer of ashes in the pot D, and is discharged into 
the tank E, containing water. Being porous in its nature, 
the slag still retains some minute particles of metallic lead in 
its pores, and on this account it is generally re-smelted in 
the slag-hearth after washing. The shift lasts about twelve 
hours, and the charge of reverberatory and ore-hearth slags, 
black and litharge slags, lead clay-hearths, and coal cinders, 
along with coke as a fuel, is fed into the furnace at intervals. 
The well-doing of the shift largely depends on the formation 
of a "nose" to the tuyere, which is a protuberance of 
coagulated slag gathered round the nozzle, and which, if in 
right form, enables the stream of air to be carried to the 
centre of the hearth, and so divided into channels that it 
equally spreads through the mass. 

Richardson's Slag-Hearth, — ^Around Newcastle is used a 
form of slag-hearth devised by Eichardson. It is circular 
in form, with a height of 8 J ft. and 2 J ft. diameter, and 
is built of fire-bricks. The bed, consisting of tightly rammed 
clay and coke-dust, is depressed in the centre to allow the 
reduced lead to collect, and the blast is provided by three 
tuyeres. The charge enters the furnace at the top, and the 
molten lead and black-slag are discharged from the bottom 
by suitable channels. 

Spanish Slag-Rearth. — This form of furnace has been 
found very economical in working, and is much used in the 
smelting of grey-slags. In Fig. 13 a section is shown. 

It consists of an upper chamber A resting on four cast-iron 
columns, B B in section, while C is the lower part or body of 
the furnace, which can be renewed when necessary without dis- 
turbing the upper chamber The bed D is made of clay and 



SMELTING OF LEAD ORES 71 

coke-dust tightly rammed in, and is saucer-shaped to allow 
the metal to collect, and which is run off at intervals into 



Flo. 13.— Spanish Slag-Hearth. Section. 

the pot E. The blaek-slag formed flows from an opening in 
the breast of the furnace to the tank F, containing water. 
In the body, three tuyeres, G G in section, are provided to 
admit the blast, and the charge of slag, fuel, and flux, 
generally fluor-spar, is thrown in through the door H, and 
the fumes pass off at I into condensers. 
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Chemically, the action going on in the slag-hearth is the 
formation of a black-slag by the union of the silica and 
alumina in the clay, with the lime, oxide of iron, and other 
ingredients of the grey-slags used. The coke acts as a re- 
ducing agent on the oxide of lead, yielding metallic lead of a 
very inferior quality. 

3. Smelting in the Shaft or Blast Furnace, 

In many localities on the Continent, and also in Aus- 
tralia and America, mixed ores are found containing galena, 
with sulphides of iron, copper, zinc, antimony, silver, etc., 
and, from their complex nature, are found unsuitable for 
treatment either in the reverberatory or the ore-hearth fur- 
nace. Consequently, the shaft or blast furnace is used for 
their reduction. The Silesian furnace is of this character, 
but the more modern types are known as the Piltz and the 
Raschette furnaces. Among American smelters, the latter 
finds favour, while the former has a wide use in Germany, 
Austria, and other countries. 

Silesian Furnace, — In Fig. 14 a section of this class of 
furnace is seen. It is built of common red bricks A A with 
an inner lining of fire-bricks B B. From the mixing floor C 
downward, the furnace is rectangular ; above the floor, it is 
circular in form. The charging door D is on a level with 
.the mixing floor, from which the mixture of ore and flux is 
thrown into the furnace. A little above the dished bed E, 
the blast F enters, and the slag produced during the work- 
ing is floated off at G. A channel H leading from the 
bottom of the bed of the furnace, which previous to the 
charge is plugged with clay, carries to an outside lead-pot 
the reduced metal. At the upper end of the furnace is 
placed the exit I in communication with a flue for carrying 
away the fumes. In charging, a mixture of 100 parts ore 
and 25 parts iron slag (ferrous silicate) is used, and the 
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fuel consumed (coke) constitutes an equal weight of the 
charge. 




Fig. 14. — Silesian Blast Furnace. Section. 



Piltz Furnace. — Fig. 15 is a section of this type of fur- 
nace. It is built in two sizes — a large and a small Piltz. 
The former is worked with eight tuyeres, and has a charging 
capacity of 40 tons, while the latter has only four, and is 
limited to a 20 -ton charge. The furnace is built of fire- 
bricks enclosed in an iron casing, and tapers from a diameter 
of 7 ft. (large Piltz) at the charging platform A, to 5 ft. 
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Fig. 15. — Piltz Furnace. Section. 
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at the tuyere zone B, which is encircled with a series of cast- 
iron chambers, forming a jacket, through which flows a cur- 
rent of water to prevent over-heating at this, the hottest part 
of the furnace. Underneath is the hearth C, some 2 J ft. 
thick, and built up of layers of fire-bricks resting on an iron 
plate. On a level with the hearth are placed the four tap- 
ping-holes, equidistant from each other, and, at a point below 
the tuyeres, two openings are left for running off the slag. 
The ore and fuel is charged from the top D, being shot down 
through an inner tube E, 4| ft. in diameter, and the outlet 
for the products of combustion and fume is at F, the exit 
pipe being placed above the end of the charging tube, and 
thus allows a clear passage for the gases. 

A charge of 40 tons of a mixture of medium and poor 
complex ores will yield about 63 cwt. of silver-lead, along 
with a regulus of copper, iron, etc., weighing 15 cwt. 

Raschette Furaace, — The Easchette type is rectangular 
in form, and the cost of construction is less than the Piltz. 
It is built of fire-bricks, and tightly clamped with tie-rods. 
The height varies, in some districts being 20 ft., with a 
length of 8 ft. and a width of 4 ft. The lower part of 
the furnace is jacketed as in the Piltz, and the reduced lead 
is " syphoned off" by means of a channel connecting with the 
hearth at one end, and at the other a lead-pot placed adjacent 
to the furnace. In providing the blast, six tuyeres on each 
side are generally used, having a pressure of 2 lb. on the 
square inch. The charge of ore and fuel varies from 20 
to 35 tons, according to the capacity of the furnace. 

Roasting. — Lead ores are generally roasted or calcined 
before smelting in the blast furnace. The calcination was 
formerly carried on in the open air, the ore being built up 
in the form of a pyramid on a thick layer of pine wood, and 
then covered with fine roasted ore from a previous burning, 
the covering preventing any injurious action by the access of 
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an excess of air. As the combustion proceeded, it was 
supported by the sulphur of the sulphides, and the calci- 
nation of a charge of 100 tons lasted from two to three 
months. 

The modem method of roasting is carried on by the 
reverberatory furnace, and for this purpose it is built some 
50 ft. long, with a hearth and fire-place 10 ft. wide. The 
ore is fed in at one end, and gradually worked up to the 
bridge, whence it is withdrawn in a clotted form, allowed to 
cool, and then broken up to a size suitable for smelting in the 
blast furnace. By the roasting action, a portion of the sul- 
phur is eliminated as sulphurous acid gas, in addition to the 
formation of oxides and sulphates, while the roasted mass 
still retains 6 to 7 per cent, of sulphur, as sulphides — a 
necessary precaution for the after separation of any copper 
present. 

Chemical Changes occurring in the Blast Furnace. — In the 
blast furnace the reaction is mainly a reducing one, through 
the action of incandescent fuel (carbon) and carbonic oxide, 
this gas being generated in front of the tuyeres by the action 
of the blast on the carbon, the union with the oxygen supplying 
the necessary heat to melt the slag and metal. The lead chiefly 
existing as oxide on descending the furnace comes into con- 
tact with the gaseous carbonic oxide and fuel, and is quickly 
reduced to the metallic state, along with the silver contained 
in the original charge. The sulphate of lead present, becomes 
reduced to sulphide, and combines with the variable propor- 
tions of copper, zinc, iron, etc., existing in the roasted ore, 
forming the second product known as " regulus " ; while the 
silicious matters form silicates with any unreduced oxides of 
a more or less fusible nature, which runs from the furnace as 
slag. 

The accretions often found hanging to the inner lining 
of the blast furnace, and which cause much trouble in the 
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working of the famace, is due mainly to the accumnlation of 
partideB of zinc sulphide, intermixed with vaiying propor- 
tions of silica, iron, manganese, lime, and copper. In deal- 
ing with this obstruction, Mr. M. W. lies {School of Mines 
Quarterly, November 1896) advocates the disuse of scrap 
iron with ores heavily charged with zinc, since heated 
metallic iron decomposes zinc sulphida He further recom- 
mends taking the gases from the centre instead of from the 
back-end wall of the furnace, and suggests a more uniform 
distribution of the ore-fluxes and fuel over the entire top, 
which cause the furnace to drive faster, and thus lessen 
the tendency towards " hangings." 

Some recent ImprovemerUs in the TrecUment qf Complex Oi^es, 
— According to the Qvsendand Government Mining Journal^ 
January 1900, a new process has been introduced with 
success for the calcination of ores containing galena. The 
ore is mixed according to the proportion of sulphur present 
with from 6 to 15 per cent, of lime, heated in a reverbera- 
tory furnace to about 700"" C. and then cooled down to 
550° C, with the result that from 25 to 30 per cent of 
lead sulphate and 2 per cent, lead oxide are formed, without 
the separation of any metallic lead. The amount of sulphate 
produced is proportional to the oxygen in the lime present, 
which, however, is not altered by the reaction, and appar- 
ently serves only as a carrier of the atmospheric oxygen. 
The operation is continued until 5 per cent, of unchanged 
sulphide of lead remains, when the product is withdrawn from 
the furnace, pulverised, transferred to a converter, and sub- 
jected to an air-blast at a pressure of about 1 inch of mercury. 
In a few moments a notable rise of temperature is observed 
from the oxidisation of the residual sulphide and the joint 
action of the sulphate and air. The mass becomes pasty, and 
evolves dense fumes of sulphurous acid gas, and finally solidi- 
fies when the operation is finished. The product is essen- 
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tially a mixture of lead oxide with sulphate of lime, and, if 
the ore is silicious, lead silicate, the sulphur being entirely 
removed even when other sulphides are present. Finally, 
the reduction to metal is carried on in the blast furnace. 

The process is said to work well, with a saving of nearly 
half the fuel formerly used, with diminished losses of lead 
and silver and greatly reduced cost for labour. About 
38,000 tons of ore are treated annually by this method, the 
whole of which is reduced in a single water-jacketed blast 
furnace. 

Kirkpatrick-Picard (1900) in his treatment of complex 
sulphide ores containing lead, zinc, gold, silver, sulphur, eta 
(the type of the well-known Broken Hill sulphide ores), pro- 
ceeds as follows : — The ore is ground in a suitable mill, and 
then submitted to an oxidising roast in a reverberatory fur- 
nace, with the object of producing the maximum amount of 
oxides of lead and zinc and the minimum amount of sul- 
phates. The sulphurous gases produced during the roast are 
collected and utilised. Inasmuch as it is impossible in 
ordinary roasting practice to convert all the lead sulphide 
into oxide, means are taken to keep at the lowest point the 
amount of lead sulphate produced. With this object, after 
the first stage of roasting is finished, and in order to get the 
ore as far as possible into the form of oxides, a small quan- 
tity of small coal is added to the partially roasted mass while 
still in the furnace. When finished, the roasted ore is with- 
drawn and mixed with powdered coking coal as a reducing 
agent, and in order that in the subsequent treatment the 
mixture of coal and ore may coke into coherent masses. The 
mixture is now submitted to a zinc-distilling temperature in 
a retort or muffle furnace, in such a way that the flames or 
gases from the furnace shall not come direct in contact with 
the ore charge. The result is the production of metalKc lead 
and zinc. At the temperature of the furnace the zinc is 
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volatilised and condensed in the usual way, and the lead, 
gold, silver, iron, and silica are left in the retort, suspended 
or hung up in the carbonaceous sponge formed by the coke, 
to be subsequently smelted. 

In order to prevent the deleterious effects of the lead 
upon the retorts, the coal used is of a bituminous character. 

The residue, after the extraction of the zinc, is smelted 
in the blast furnace for the recovery of the lead, gold, and 
silver, and separation therefrom of the iron and silica. 

A very interesting process, depending on the difference 
between the volatilising points of lead and zinc oxide, has 
been invented by Pape and Witter (1900). The idea 
consists of roasting the mixed ores so that one part of 
the metallic oxides produced, is caused to pass away simul- 
taneously with the furnace gases from the roasting chamber, 
while the other is directly precipitated in the chamber. 
Fig.. 16 is a section of the furnace used. To carry the 
process ontJ finely powdered sulphide ores are fed from a 
hopper A in a thin stream into the combustion chamber 
B, the walls of which have been previously heated to a 
high degree, and into which heated air currents from the 
flue C are introduced. By this means the ore is oxidised 
instantaneously as it falls on to the hearth of the furnace. 
If the ore contains sufficient sulphur to support combustion, 
no further addition of fuel is necessary during the working ; 
if not, fresh charges of fuel are necessary to keep up the 
temperature of the chamber. While the non-metallic consti- 
tuents of the ore fall, together with the greater part of the 
oxides of lead, silver, iron, and copper, on to the bed of 
the furnace, the greater part of the zinc oxide, along with 
a small proportion of lead and silver oxides, will escape 
with the furnace gases at the exit D, passing thence into 
cooling chambers or condensers, for the recovery of the 
metallic oxides. 
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In the zone marked 1, sulphurous acid is fonned, and 
oxides of the non-volatile metals which fall on the sloping 
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floor E, and are removed for reduction through the door 
F. In zone 2, the volatile metals separated from the 
sulphur exist in a state of vapour, and become oxidised 
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in zone 3, some of the oxides falling into the division 
G, while some pass through with the fumes at the exit 
D. The collected oxides and the condensed fume are 
treated in the blast furnace for reduction to the metallic 
state. 

At Ellesmere Port, the Smelting Corporation Limited 
carry on an ingenious method for treating mixed ores, which 
is described fully by Mr. Julius Vogel, their consulting 
chemist, in the columns of the JEngineering and Mining 
Journal, New York (1900). The works are designed to 
smelt 90,000 tons of ore per annum, and all the motive 
power is supplied by electricity supplied from two con- 
tinuous-current multipolar generators, each of 400 kilowatts 
capacity. 

The ore, after unloading, is first crushed to fV ^^' ^^ 

size, and then wheeled to the calciners, which are of the 

revolving- table type, and each capable of treating 12 to 

15 tons ore every twenty-four hours. After calcination, 

the wasted mass is pressed in briquettes, 4 in. diameter 

and 2^ in. deep, and then smelted in a water-jacketed 

type of blast furnace, fitted with a " syphon " arrangement, 

to run off the lead without interfering with the working 

of the furnace. The fluxes used are a mixture of 25 per 

cent, salt cake (sodium sulphate) and 12 J per cent. "Blue 

Billy" or burnt iron oxide, of the weight of calcined ore 

taken. From experimental work carried on, the advantage 

of an alkaline flux was seen in the complete separation of 

lead and silver from the slag, which contained practically 

the whole of the zinc, along with the other constituents of 

the ore treated, the lead bullion beiijg subsequently cast into 

" pigs " for desilverization. 

In working the furnace, the slag continuously runs from 

suitably arranged notches into settling pots to allow the 

depositing of any lead mechanically carried away, and is 
6 
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then cast in conical moulds for further treatment. This 
treatment consists of a melting with small coal on the bed 
of a Siemens open-hearth regenerative gas furnace; by this 
operation the zinc oxide contained in the slag is volatilised 
and carried off with the furnace gases to cooling chambers 
or condensers, and the oxide recovered. 

The slag tapped from the furnace settles in two distinct 
layers, the upper being of no value, and is wheeled away 
to the tip ; the lower forms a kind of matte, and contains 
any zinc not volatilised in the Siemens furnace, along with 
iron and soda. It is crushed, calcined, pressed into briquettes, 
and smelted with fresh ore. 

The lead recovery by this process is 90 per cent, in 
bullion, and the silver recovery in the bullion 80 per cent., 
the remaining 20 per cent, being recovered from the zinc 
slag, while the zinc averages 70 per cent, in the form of oxide 
and matte. 

Treating mixed sulphides by a precipitation process has 
found little or no favour as a practical means of economically 
working these ores. 

Many methods have been devised, amongst which may 
be mentioned that of Wells, who separates by fractional 
precipitation lead, copper, zinc, silver, etc., from solutions by 
means of a soluble alkaline sulphide, added in successive 
portions. The unroasted ore is first digested with hydro- 
chloric acid in stone vessels, partially neutralised with chalk 
or lime, boiled, and then filtered through peat. The filtrate 
is allowed to cool, when most of the lead separates out as 
chloride, and the remainder is thrown down as an insoluble 
sulphide by the addition of sodium sulphide. The residue 
left in the stone vessels is dried, calcined in a reverberatory 
furnace, and the calcined mass digested with hydrochloric 
acid, which dissolves out the copper, silver, zinc, and iron 
as chlorides ; the silver is removed as iodide by the addition 
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of potassium iodide, and the liquor then neutralised with 
lime. 

By fractional precipitation with sodium sulphide, in 
carefully proportioned quantities, the remaining metals are 
separated as sulphides. 



CHAPTER VI. 

Condensation of Lead Fume. 

Taking on the average, 1500 cubic feet of smoke per 
minute is emitted from a reverberatory furnace smelting 
1000 tons of ore per annum, and that this smoke contains 
a good proportion of lead in one form or another, and in 
a very finely divided state, it can be well understood that, 
without some means of condensation, these poisonous lead 
gases, if allowed to go free into the atmosphere, would 
have a very serious efifect on the health of a surrounding 
community, and in addition be a serious financial loss to 
the smelter. 

This loss may be noted if we consider the value of the 
products carried off in the course of smelting. Fallize 
estimates that the lead in the gases emitted from the 
reverberatory and blast furnaces to be 150 and 130 lb. 
respectively on every ton of ore, assaying 70 per cent., 
smelted. Assuming, then, that no means existed for its 
recovery by deposition in long flues or by wet condensa- 
tion, the money value of the loss, with lead at £14 
per ton, would amount in the reverberatory furnace to 
18s. 9d., and in the blast furnace to 16s. 3d. for every ton 
of ore so treated — a result which no smelter could with- 
stand. 
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The following two analyses represent the composition 



of lead fume — 



Lead . 
Oxide of lead 
Sulphate of lead 
Sulphide of lead 
Oxide of zinc 
Oxide of iron 
Arsenious acid 
Carbonic acid 
Insoluble in acids 



Alston Moor. 


Freiberg 


• • « 


trace 


10-20 


27-90 


65-60 


13-00 


1-40 


« • • 


13-80 


49-50 


3-40 


• % • 


• • • 


2-10 


• • • 


7-00 


5-60 


• • • 



100-00 



99-50 



The oldest form of arrangement for treating the furnace 
gases, and which, to a limited extent, is even now used in 
several English and Continental works, is by a long zigzag 
vaulted flue, 7 ft. high and 6 ft. wide, and traversing, in 
some instances, a distance of 5 miles. The large surface 
friction met with by the travelling gases, condenses more or 
less completely the volatilised metallic constituents, which 
gradually increase in bulk, and require a stoppage of the 
work to effect their removal from the flue. 

The modern method of condensation is that in which 
large chambers are employed, through which the gases are 
made to circulate about variously arranged condensing sur- 
faces, the operation at the same time being aided by a 
constant stream of water sufficient to precipitate the matters 
condensed by the contact surface; or the gases are forced 
by steam pressure directly through a layer of water, which 
effects their complete condensation. 

In Stokoe's condenser, the gases are forced by a powerful 
exhauster into a large chamber built of heavy planking, well 
tied together with iron rods, and lined internally with 
enamelled fire-bricks. The chamber is divided into com- 
partments by a number of vertical partitions, open alternately 
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at the top and bottom, and through which the gases are 
forced to pass up and down, the condensation being aided 
by a shower of water kept falling in each compartment 
down which the gases descend. At the bottom of the 
chamber is a layer of water rising above the edge of the 
opening below, so that the gases have to force down the 
surface of the water and then be driven through it in order 
to continue their course into the next compartment. Also 
above the water level are fixed at equal distances horizontal 
perforated shelves, covered with layers of pebbles or other 
suitable material, whose surfaces materially assist in the 
condensation. 

Stagg's condenser is similar to the above; the gases, 
however, are drawn through the chamber by a double 
acting pump placed at the end of the condenser. 

The arrangement invented by Armand Fallize (MiniTig 
and Smelting Journal, vol. ii.) consists of two chambers, 
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Fig. 17. — Fallize's Condenser. Section through T Z. 

A and B (Figs. 17, 18, and 19), the bottoms of which 
are kept covered by a determined height of water maintained 
at the level X — Y. The gases enter the chamber A by the 
extremity E of the flue leading from the furnaces, and pass 
longitudinally towards the elbow C, by which they enter the 
chamber B. At hb, two jets of steam are injected. On 
arriving in the chamber B, the gases are thus perfectly 
saturated with steam, and are besides to some extent cooled, 
partly by the steam, partly by contact with the constantly 
renewed water in the bottom of the chamber, and partly by 
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expansion, which results from the difference in the sections 
of the two chambers. The middle of the chamber B is 




Fig. 18. — Fallize's Condenser. Section through P Q. 



:, -Xrr:^— z 




Fig. 19.— Plan. 

barred by two vertical intersticed walls mm^ and in the 
space between are placed sets of hollow perforated balls. 
Above this is placed a water tank H, from the perforated 
bottom of which a shower of cold water falls, which spreads 
over the surface and interior of the balls. In traversing the 
interstices* of these balls, the gases are cooled, the steam 
condenses, and the water thus formed, added to the shower 
of cold water from above, carries to the bottom of the 
apparatus all the condensable products, whether soluble or 
insoluble, held in suspension in the gases. The insoluble 
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matters pass through the stratum of cold water and fall 
on the inclined bottom, which carries them towards the 
longitudinal channel KK, where they collect, and can be 
easily withdrawn by a pump or other suitable arrangement. 
Any solid particles carried by the current beyond the channel 
K K are caught in the partitioned pit L L, which the liquid 
traverses before being discharged. On the other hand, all 
the matters condensed in the chamber A, or in the chamber 
B, outside the intersticed walls, are equally brought into the 
channel K K, for which purpose the walls separating the two 
chambers are supported by a vaulting, which is kept con- 
stantly submerged. 

A very efficient condensing arrangement is invented by 
Hannay, and used in condensing the fumes of sulphate of 
lead in the manufacture of the white pigment by the White 
Lead Company Limited. A description of this condenser is 
given under the heading of Sulphate of Lead. 

Softening of Lead hy the Calcining Furnace. 

Generally, the pig lead produced by the smelting of the 
ore is of a hard nature, and unsuitable for desilverizing or 
conversion into white lead, or into sheets, pipes, etc. This 
hardness is due to the presence, in more or less proportions, 
of antimony, arsenic, copper, iron, and other metals, and for 
their removal the process of calcination is resorted to, which 
is simply an oxidation of these metals, along with a small 
portion of the lead, the whole forming a scum on the surface 
of the molten metal in the calcining pan, and can thus easily 
be removed. The calcining is carried on until a sample with- 
drawn has all the properties of a " soft " lead. The scum is 
smelted for the recovery of the lead. 

In the following analyses the composition of some non- 
argentiferous hard leads of English, Spanish, and Austrian 
make are given : — 
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English. 


Spanish. 


Austrian. 


Analyst 


Richardson. 


Freiberg. 
Karsten. 


Clausthal. 
Streng. 


Lead . 
Antimony . 
' Arsenic 
Copper 
Iron . 
Zinc . 
Sulphur 




1 


99-27 
0-57 

• • ■ 

0-12 
0-04 

• • • 


96-81 
3-36 

6-32 

• • • 


91-51 
5-32 
1-02 
0-90 

0-62 

0-20 


85-34 
14-06 

• • ■ 

• • « 

0-10 

• ■ • 


1 


100-00 


99-70 


99-57 


99-50 



The form of furnace used for softening hard lead is of 
the reverberatory type, elevation and section being shown in 
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Fig. 20. — Softening Furnace. Elevation. 




Fig. 21. — Section. 



Figs. 20 and 21. It is built of fire-brick, and tied with tie- 
rods, with the usual bridge A and fire-place B. The hearth 
C consists of a wrought-iron pan in which the charge of lead 
is treated, D is the working door, E the spout for running ofif 
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the soft lead, and F is a flue carrying away the spent gases. 
In some works, the charge is added to the pan in the form of 
pig lead ; in others it is previously melted and then ladled 
into a spout, which carries it to the pan. An improvement 
over these methods of charging, consists in heating the lead 
in a large cast-iron pot embedded in brickwork, placed at the 
end of the furnace, and at an elevation so that the molten 
metal can be run as required direct into the pan, the waste 
heat of the furnace being used for heating the pot. The 
weight of a charge will vary from 10 to 30 tons. 

The process of liquation depends on a separation of dif- 
ferent metals, according to their melting-points ; and on this 
principle is based the working of the calcining furnace. The 
charge is first subjected to a temperature sufi&cient to melt 
the lead, which liquates out from the metals of a higher 
melting-point, which, rising to the surface, becomes oxidised 
as the temperature of the furnace is increased, and, forming a 
scum with the oxide of lead present, is removed from time to 
time. To render the scum less pasty, and thus facilitate its 
removal, a little lime is thrown on the surface, which acts as 
a dryer. After eight to nine hours' exposure a sample of 
the molten lead is drawn, cooled, and then examined. If the 
cooling is accompanied with a deep blue film on the surface 
of the sample, and the metal, when solid, is soft to the 
scratch, the treatment is considered as finished, and the 
contents of the pan are tapped off into moulds as soft pig 
lead for further treatment by the Pattison, Parkes, or the 
Luce-Eozan desilverizing process. The following are the 
average yields of soft lead by the calcining process 
(Payen) : — 

From Yield of Soft Lead. 

Good Spanish hard lead . . .93*2 per cent. 

Hard lead froni crystallizing dross . 90*3 „ 

English slag lead . . . .87*1 „ 

Slag lead from refuse products . . 67*3 „ 
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the cost of treatment being about 3 s. 5d. per ton for labour, 
coals, and repairs. 

According to Keith, the refining of lead is now carried 
out by electrolysis in New York (1892) by the Electro 
Metal-Refining Company. 

In each of the thirty wooden vessels, 3 ft. deep and 6 ft. 
wide, dip 13 cylinders of thin brass plate,* arranged con- 
centrically at about 2 in. distance from each other, and 
serving as cathodes. The anodes are formed of plates of 
unrefined lead, each being 2 ft. x 6 in. x J in., surrounded 
by muslin bags. A solution of sulphate of lead with acetate 
of soda is constantly fed into the vessels at the bottom, and 
runs over at the top into a warming apparatus, where it is 
heated to 38° C. (100° F.), and is then conveyed back into 
the electrolysing vessels. Arsenic, antimony, silver, etc., are 
deposited in the muslin bags surrounding the anodes, and 
are melted with saltpetre and soda to obtain the silver. 
Practically, all the impurities are removed from the hard 
lead by this process. 



CHAPTER VII. 

Desilverization ; or, the Separation of Silver from 

Argentiferous Lead. 

» 

In the olden days of lead-smelting, the separation of the 
silver was carried out by converting the whole of the lead 
into oxide, and thence recovering the silver by cupellation, 
the oxide ultimately being re-smelted with carbonaceous 
matter to recover the lead. The process was very wasteful 
in lead, and a portion of the silver remained unrecovered, 
which gave to the lead a certain hardness, which depreciated 
considerably its market value. Later, this method of treat- 
ment gave way to the Pattison, the Luce-Eozan, or the 
Parkes process of desilverization. 

The Pattison Method of Treating Argentiferous Lead, — 
This method is based on the property of lead to crystallize 
out from its molten state, up to a certain point, leaving the 
silver to form what is termed a eutectic alloy with the 
remaining lead, and containing the former to the extent of 
500 to 600 oz. to the ton. If, therefore, an argentiferous 
lead is melted and then slowly cooled, the larger portion of 
the lead can be removed by crystallization, leaving practically 
the whole of the silver as a rich alloy, from whence it is 
recovered, by the process of cupellation. 

In practically carrying out this principle, the " Pattisonisa- 
tion " is rarely carried to more than 500 oz. silver to the ton. 

For working the process, a series of cast-iron pots, each 
holding 8 to 9 tons, are incased in brickwork, and a separate 
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fire-place is provided for each pot. In Fig. 22 an instal- 
lation is shown of eleven pots working what is termed the 
" high system." Between each pair of pans a smaller pan is 
placed, which is kept full of molten lead, and is used for 
cleaning the perforated ladle. Pot No. 1 receives the rich 
silver-lead alloy at the end of the process, while pot No. 1 1 
is termed the market pot, from whence the desilverized lead 
is cast into pigs for various uses in the arts. 

Starting, say, with a lead containing 16 oz. silver to the 
ton, it is first melted in pot No. 6, the dross skimmed ofif, 
and then allowed to partially cool by withdrawing the fire. 
During the cooling the charge is constantly stirred, and any 
portion which solidifies round the edges is removed by an 
iron " slice," and mixed with the molten lead. As the 
temperature lowers, the crystals of lead increase in bulk, 
and are removed from time to time by the perforated ladle, 
supported by a swinging crane, and, after draining, are 
emptied into pot No. 7. This is continued until two-thirds 
of the metal, in the form of crystals, has been removed ; the 
remaining one-third liquid portion is then transferred to 
pot No. 5, and contains about double the quantity of silver 
that existed in the original charge, while the crystals of lead 
are poorer to the extent of one-half. The same operation is 
repeated with all the intermediate pots, fresh lead, having the 
same percentage of silver, being added to each pot to make 
up the bulk, until the rich silver alloy reaches pot No. 1 
and the desilverized lead-pot No. 11. The series of pots 
will show the following assays of silver per ton : — 

No. 1. No. 2. No. 3. No. 4. No. 5. No. 6. 

Silver-lead alloy. 512 oz. 256 oz. 128 oz. 64 oz. 32 oz. 16 oz. 

per ton. per ton. per ton. per ton. per ton. per ton. 

No. 7. No. 8. No. 9. No. 10. No. 11. 

8 oz. 4 oz. 2 oz. 1 oz. ^ oz. Market lead, 

per ton. per ton. per ton. per ton. per ton. 
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DESILVERIZ ATION 9 5 

The method of working depends on the amount of silver 
in the lead to be desilverized. With poor argentiferous 
leads the " low system " is adopted, being the removal of 
seven-eighths of the contents of each pot in the form of lead 
crystals; with richer leads containing 15 to 30 oz. silver to 
the ton, the " high system " is in use, and which depends on 
the conversion only of two-thirds of the charge into crystals, 
the silver doubling itself in each operation. During the 
working, the skimmings or dross taken from the surface of 
the molten metal in the pots averages about 25 per cent, of 
the weight of the original charge, and is set aside for 
reduction to metallic lead in the reverberatory furnace. 

The Lubce-Eozan Process. — This method, used largely in 
France, is a modification of the Pattison treatment, and 
depends on the use of steam for agitation during the crys- 
tallizing out of the lead. By its use, the softening of the 
lead, previous to its desilverization, is dispensed with, the 
antimony, arsenic, iron, zinc, etc., being removed in an 
oxidised state by the action of the steam. The size of the 
plant varies according to the output required, consisting, in 
some works, of a large pot holding 20 tons of lead, and 
heated by a fire-place underneath. In conjunction with this, 
and at a lower level, is placed the crystallizing pot, having a 
capacity of some 40 tons. In desilverizing, the charge of 
argentiferous lead is first melted in the upper pot, and 
thence run by a spout into the lower, among the crystals 
left by the last charge, which rapidly liquefy. The surface 
of the molten mass is now skimmed, the skimmings being laid 
aside for reduction, and a jet of steam introduced in the 
bottom of the pan, and which is evenly spread by means of a 
suitably arranged baffleplate above the nozzle. Gradually 
the temperature falls, and the formation of crystals commences 
through the molten mass. This is continued until two-thirds 
of the charge have crystallized, leaving the remainder, or one- 
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third, in a liquid state, the separation being effected by 
draining off the latter through perforated plates, the crystals 
being retained in the pot. A fresh charge of lead, having 
the same percentage of silver as the crystals, is then run in, 
and the steaming operation repeated. The liquid portion 
drained from the crystals, after cooling, undergoes the further 
process of cupellation, for recovery of the silver, while the 
crystals in due course are melted and cast as market lead. 

The Parkes Process. — This interesting method depends 
upon the physical fact that silver alloys itself more readily 
with zinc than with lead, and that a mixture of zinc and 
lead, in any proportion, will not form an alloy on fusion, the 
two metals separating out in distinct layers on cooling. If, 
then, argentiferous lead is melted and the bath treated with 
molten zinc, the silver from its greater afiBnity becomes at- 
tached to the zinc, and on cooling the bath the argentiferous 
zinc separates on the surface as a distinct layer from the lead. 

The process is carried on in large hemispherical cast-iron 
pans placed in close proximity to the calcining furnaces, 
from whence the lead can be run direct into the pans. A 
charge of about 20 tons is usually given each pan, which 
is incased in brickwork and heated by a fire beneath. At 
a temperature of 420** C. the zinc is added, in proportion 
varying with the amount of silver present, a charge contain- 
ing 30 oz. silver to the ton requiring about 1 per cent, of 
zinc, which is well stirred into the molten mass with iroir 
rabbles. On complete solution, the contents are kept at the 
above temperature for twenty minutes, and then gradually 
cooled by damping the fire. Below 418° C. the zinc begins 
to solidify, forming a crust on the surface, and carrying with 
it practically the whole of the silver. 

The crusts as they are formed are removed, and finally 
the lead, while still retaining a small percentage of zinc, 
becomes practically desilverized. To eliminate the zinc, the 
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lead is remelted in the calcining furnace, the former metal 
being oxidised and then volatilised as zinc oxide. 

The silver-zinc crusts with a proportion of mechanically 
mixed lead are now treated by the process of liquation, to 
remove a portion of the latter. By this operation, which is 
carried on in an iron pot heated by a separate fire, the 
temperature is raised to a point slightly above the melting- 
point of lead, and the excess of the latter " sweated " out, the 
metal flowing to an adjacent lead-pot. 

For recovery of the zinc and silver the residual mass in 
the liquating pot is mixed with charcoal, and then charged 
into retorts or crucibles, and the zinc distilled over and con- 
densed (see Zinc). The residue of the retorts, consisting of 
silver and lead, is cupelled to obtain the precious metal. In 
some German works, the zinc crusts are mixed with lead 
chloride, and the mass heated to a dull redness. The soluble 
zinc chloride formed is washed out, leaving an alloy of silver 
and lead, which is cupelled for the recovery of the silver. 

The following analyses represent the composition of de- 
silverized and market leads : — 





English. 


German. 


Spanish. 


Lead .... 

Antimony 

Copper .... 

Zinc 

Iron 


99-989 
0-006 

0-002 
0-003 


99-927 
0-018 
0-009 
0-020 
0-024 


99-892 
0-036 
0-017 
0-035 
0-019 

99-999 


100-000 


99-998 



Cupellation, — The rich silver-lead obtained by any of the 
three methods described above requires to undergo the pro- 
cess of cupellation, to effect the separation of the valuable 
metal from the lead. Cupellation depends on the easy con- 
version of metallic lead in a molten state and in contact with 
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a current of air to oxide of lead or litharge, while the silver 
remains entirely unchanged. Two systems of cupelling are 
in use — the English and the German. With the former, the 
furnace used is of the reverberatory type with fixed roof, and 
the cupel or test in which the silver-lead is treated is movable, 
the charge being fed at intervals during the refining. The 
latter system, on the other hand, is carried on in a form of 
furnace in which the roof is made of iron, and can be re- 
moved as required by a crane ; and, unlike the English 
method, the cupel is a fixture in the bed of the furnace, 
while the charge of silver-lead is not distributed over the 
working, but is made in full at the commencement. 

U'tiglish System of Cupellatwn, — The reverberatory furnace 
used is sometimes erected singly or in pairs, in which two 
cupels can be worked at the operation. In Figs. 23 and 24 
a section and plan are shown of a double-cupelling furnace. 
A A are the fire-places ; B B the fire-bridges ; C C the cupels 
resting on the waggons D D ; E E are the lead-pots contain- 
ing the silver-lead, and which supply the cupels by means of 
the iron gutters F F ; G G represent the tuyeres supplying 
the blast ; at H H are openings in the cupels through which 
the litharge formed is blown over into the receivers below ; 
1 1 are the flues for carrying off the gases ; and K K the 
double-chimney. 

The cupels used are oval or rectangular in shape, each 
consisting of an iron frame 4 ft. long and 2| ft. wide, the 
bottom being formed of iron bars bolted on to the framework. 
They were formerly filled with powdered bone-aeh moistened 
with carbonate of potash, and then beaten down to form a 
solid compact mass. According to A. K. Huntington, this is 
now superseded by a cheaper mixture of clay and limestone, 
which, after pressing, is scooped out so as to form a cavity, 
and leaving a lining of the mixture round the sides and 
bottom of the iron frame. In the front, a channel some 
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5 in. in width, whereby the molten litharge can flow 
through into the receiver below. The cupel forms the 



iiearth of the fiiruace, and, resting on a carriage, can be 
removed, and a new one replaced, without interfering with 
the working of the furnace. 
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In practice, after thoroughly drying, it is heated gradu- 
ally to redness, and a charge of about 500 lb. silver-lead 
from the lead-pot is then run in, which soon becomes covered 
with a layer of litharge. The temperature of the furnace is 
now increased to 940° C. to melt the layer; and the blast 
being turned on, the litharge is blown through the channel 
cut in the cupel into the iron receiving pot. As the level of 
the lead decreases in the cupel, fresh portions are added from 
the melting pot, and this is continued for about sixteen hours, 
when the charge will have amounted to about 5 tons, yield- 
ing an alloy containing 8 to 9 per cent, of silver. This is 
removed through several holes made in the bottom of the 
cupel, and cast into pigs, which, after a sufficient weight has 
been obtained, are recupelled in the same furnace for recovery 
of the cake or button of silver. The yield of litharge is large, 
and contains a very fair proportion of silver. It is reduced 
in the hearth of the reverberatory furnace, finely powdered 
coal being used as the reducing agent ; and the metal thus 
obtained, containing some 30 to 40 oz. of silver to the ton, 
is desilverized by the Pattison or Parkes process 

German System of Cupellation, — As previously stated, the 
German cupellation furnace differs materially in its construc- 
tion and in its working also, from the English, being provided 
with a movable dome built of steel plates, and internally lined 
with fire-clay. The cupel or bed of the furnace is a fixture, 
instead of being movable as in the English type, and is com- 
posed of a mixture of marl with clay. According to Eoberts- 
Austen, the marl used at Freiberg is of three kinds, con- 
taining — 

(1) 



Calcium carbonate 
Magnesium carbonate 
Iron carbonate 
Clay . 



50 

13 

2 

14 



(2) 


(3) 


68 


66 


27 


6 


2 


2 


3 


25 
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The same author, in describing the process as worked 
at Freiberg, says that "100 cwt. to 200 ewt. of lead 
is placed on the hearth, and this is covered with sawdust 
and chips ; the roof is then put on, the wood lit, and the 
roof luted with clay; the fire is kindled and the blast 
turned on; the silver -lead melts down in sixteen to 
eighteen hours. The temperature is gradually raised, and 
lead is added, 700 cwt. being the total charge. The 
litharge as it forms is removed until the remaining lead 
on the bed contains 60 to 80 per cent, of silver. This 
is taken out, and the extraction of the silver completed 
on a similar but much smaller hearth. If the red litharge 
contains less than 0*02 per cent, of silver, it undergoes 
no further treatment, and is sold as such. It is said 
that if the lead contains 0*2 per cent, of bismuth, no red 
litharge will be produced. At the end of the process, where 
the concentrated lead and silver settle on the hearth, there 
is a dark spot, which indicates the presence of bismuth, and 
which is broken away and the bismuth subsequently ex- 
tracted, this portion of the hearth having been previously 
hollowed to collect the rich lead. There are two men at- 
tending each furnace, and they are paid a fraction over a 
penny for every hundredweight of lead treated. It takes 
120 to 140 hours to cupel 700 cwt. of lead. The silver 
obtained is granulated by running it into water. It is about 
990 fine, and is sent to the Halsbrlicke works to have any 
gold parted from it." 

In four samples of crude litharge produced by the Eng- 
lish and German methods of cupellation, the percentages of 
pure protoxide of lead were as follows : — 

English |(^) 98-14 per cent. 

^ 1(2) 97-53 

German!!;) '^'^^ ^^ 

1(2) 96-35 



DESILVEBIZATION 1 03 

Reduction of Pot Dross, Skimmings, and Argentiferous 
Litharge. — The reduction of the oxidised products forming 
the dro88 and skimmiogs from the calcining and desilverizing 
processes, and also the argentiferous litharge yielded during 
cupellation, is carried out by means of the reverberatory, in 
preference to the blast furnace, in use for this purpose on 
the Continent. The furnace, Fig. 25, plan, is built of fire- 
bricks bouud together with stout tie-rods, and consists of the 



¥i<:. 25.--Redm:tioii Furiiaee. Flan. 

fire-place A, fire-bridge B, hearth C, working doors D D, lead- 
pot E, connected to the lower end of the hearth by the iron 
gutter F, and flue for the products of combustion G. The 
hearth has a slope to the gutter, which allows the reduced 
lead to flow down from the charge of litharge placed near 
the bridge, and have exit to the outside pot by means of 
the iron gutter. To effect the reduction, the charge of 
litharge is mixed with one-tenth of its weight of coal-dust, 
the carbon uniting with the oxygen of the litharge forming 
carbonic acid gas and liberating the metal, which is treated 
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by the Pattison or Parkes process for any silver it may 
contain. 

The refined and desilverized metal now appears in com- 
merce as market lead with less than 0*02 per cent, of impuri- 
ties, and is used for conversion into pipes, sheets, pigments, 
and other purposes. 



CHAPTER VIII. 

The Manufacture of Lead Pipes and Sheets. 

The conversion of soft lead into pipes and sheets is a very 
important branch of industry, and requires a high standard 
of purity in the metal used. For manufacturing pipes 
{Scientific American, April 1895), the refined metal is cast 
into pigs 50 to 100 lb. in weight. They average about 
3 in. in thickness, and range in length from 1^ to 3 ft. 
The first operation is the smelting of about forty pigs in a 
kettle incased in a fire-brick furnace about 4 ft. square, the 
kettle being made of cast-iron about 2 ft. 3 in. in diameter, 
2 ft. 3 in. in depth, and about f in. in thickness. It is 
flanged on the top, and rests on an iron frame. Connected 
to the outside, near the bottom of the kettle, is a 4-in. iron 
pipe or spout, through which the molten lead is passed into 
the cylinder of the hydraulic lead-press. This operation is 
performed by means of a perpendicular shaft attached to one 
side of the interior of the kettle, connected to the bottom of 
which is a conical-shaped valve, which fits snugly into a 
circular opening in an iron seat leading to the pipe at the 
bottom. The shaft, which has a toothed pulley at the top, 
connects itself by means of a belt chain to another on the 
outside of the furnace. When the cylinder of the press is to 
be filled with molten lead, the operator turns the outside 
shaft, which, by means of the belt chain, turns the other on 
the inside of the kettle, a thread at the top of the shaft 
causing the valve to rise, letting out the molten material 

105 



106 LEAD AND ITS COMPOUNDS 

through the opening in the seat and out through the pipe. 
Hard coal is used in the furnace, and the heat required about 
450° F. To keep up the supply of molten material, the 
kettle is charged every ten minutes with five pigs of lead. 
The cylinder of the hydraulic press has an inside diameter 
of 8 J in. and a depth of 17 in., and into this the molten 
metal is run. In the centre of the bottom of the cylinder 
is a rocket in which a circular iron core is placed. The 
cores used are 24 in. long, and run in diameter from ^ in. 
upwards. They are keyed fast to the socket at the bottom, 
and project some 2 in. up above the top of the cylinder. 
Keyed to the press above is a hollow circular steel ram, in the 
bottom of which is a circular steel die about 1 J in. in thick- 
ness. The dies are keyed fast to the ram, each having a 
circular hole a little larger than the cores passing through 
the centre. The cylinder is first heated by steam, and about 
350 lb. of molten lead is run into it from the kettle, and 
then started in motion, rising upward with a pressure of 
5000 lb. As it moves upward, the core and th'e molten 
lead which surrounds it is pressed up through the hole in 
the die. . When the lead reaches the upper side of the die, 
it instantly thickens or chills around the core by means of 
the air in the hollow ram, which is about 4 J in. in 
diameter. From the ram the pipe is forced upward from 
the core, passing through an opening at the top of the press, 
where an attendant passes it over a 4-ft. wheel above, and 
down to a drum below, where it is formed into coils. The 
cylinder is emptied of its contents every three minutes, 
making about 50 ft. of lead pipe. The drum is made of 
wood 2 ft. in length, with a diameter of 1 ft. 8 in. The 
various sizes of piping made range from ^ to J in. in thick- 
ness, and one press will turn out 12,500 lb. of piping per 
working day. 

Sheet Lead. — In the lining of vats, tanks, and chambers 
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for chemical manufacturing work, and for flushings, gutters, 
ridges, and other roofing purposes, sheet lead finds an exten- 
sive use. 

The pigs of desilverized lead are first melted in a large 
iron kettle having a capacity of 10 to 12 tons, and similar 
in construction to the one used in the manufacture of 
piping above described. A spout connects the kettle with a 
mould holding about 4J tons, and having a size about 5 ft. 
in length, and 7 ft. 10 in. in width. Lifting hooks are 
placed at each corner, and the molten metal is then run 
into the full capacity of the mould. After three days the 
flat ingot formed is sufficiently cooled to be raised by a 
travelling crane and carried direct to the rolling mill, which 
consists of double-cylinders 9 ft. long and 30 in. in diameter, 
geared directly to the main driving engine, and provided 
with the adjustments common to all rolls. 

The table or bed of the mill is composed of a double 
series of parallel rollers, on which the lead rests, and the 
necessary motion is obtained by a rack adjustment placed 
between the parallel lines of rollers, whereby it is pushed 
between the cylinders. The ingot is passed and repassed 
until the length has increased to 30 ft., the width remain- 
ing constant, and weighing about 30 lb. to the square foot. 
To reduce the sheet into a length and weight per square foot 
required for commerce, it is cut into sections by vertical 
knives working across the bed between two of the support- 
ing rollers. Each section is again rolled into 18-ft. lengths, 
and of a weight varying from 2 J to 10 lb. per square foot, 
according to requirements. 

Tea Lead, — This form of lead, existing in very thin sheets, 
is exclusively used for lining tea-chests, and in its manufac- 
ture employs considerable native labour in Hong Kong and 
Shanghai. The process consists of pressing between tiles 
faced with several thicknesses of unsized paper a right pro- 
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portion of molten lead; the paper, being a bad conductor, 
prevents the lead from immediately solidifying on its being 
poured out, and thus enables it to be squeezed or pressed to 
any desired thinness by the workman. 

Tinned Lead Foil. — It is prepared by rolling an ingot of 
lead with layers of tin run upon each side, so as to sandwich 
the lead between the two. The compound ingot is rolled and 
re-rolled until the required thickness is attained. 



CHAPTER IX 

Protoxide of Lead — Litharge and Massicot. 

Protoxide of lead, which occurs in the native state as lead 
ochre, is formed by the chemical union of lead with oxygen. 
It is brought into commerce as litharge and massicot, the 
former being crystalline in its texture and of a reddish-yellow 
colour, the latter an amorphous yellow powder. The two, 
though differing in certain of their physical properties, are 
yet identically the same in chemical composition. 

, They are used for the preparation of drying oils and for 
assaying and pharmaceutical purposes. When mixed with 
other ingredients and the mixture ground with linseed oil in 
a mill to a stiff paste, they form a very durable cement for 
stone work. Litharge in a flake or levigated form, is also 
used in the manufacture of acetate and other lead compounds, 
and as a glaze for earthenware. 

Litharge, — On the large scale, litharge is either obtained 
as a bye-product in cupellation, or is produced directly by 
the oxidation of molten lead in the hearth of a reverberatory 
furnace, the temperature being raised to melt the resulting 
oxide and so convert it into the reddish-yellow litharge. 

From the first cupellation, the litharge obtained contains 
a proportion of silver, and to recover this it is reduced to 
the metal which is treated by the Pattison or the Parkes 
process, the silver-lead alloy being again cupelled. The 
litharge from the second cupellation is collected in large 
pots ; the first and last portions are generally rejected as 

109 



110 LEAD AND ITS COMPOUNDS 

being too impure for marketable purposes. The gradual 
cooling is a matter of importance, as the proportion of flake 
litharge yielded depends on this condition. On emptying 
the cooled pots, the friable portion is crushed and passed 
through a revolving circular screen enclosed in a wooden 
erection, and the fine flake litharge collected and packed in 
casks for the market. 

The hard and coherent mass remaining is used for the 
manufacture of levigated litharge, and for this purpose it is 
fed with water into a set of millstones, the ground material 
thence falling into tubs below and well agitated with water 
by means of revolving paddles, to wash and separate the 
coarser particles. The washed litharge is now run into large 
settling tanks, allowed to subside, and the supernatant water 
syphoned off, leaving a thick layer of reddish-yellow oxide for 
drying. At some works, the water and litharge are pumped 
direct into powerful filter-presses, thus effecting a better 
separation than by settling of the two, the cakes of litharge 
produced containing less than 8 per cent, of moisture. By 
either way of treatment, the litharge requires to be dried, 
and this is carried out by exposure to the low heat of a 
reverberatory furnace for several hours. The dried product 
is packed in casks and sold as levigated litharge. 

Massicot. — When nitrate, carbonate, or oxalate of lead are 
heated in contact with air, and at a temperature while 
sufficient to break up these bodies, yet insufficient to melt 
the oxide produced from their decomposition, a lemon-yellow 
powder results, and to this the name of massicot is given. 
On the large scale, it is prepared by melted refined lead on 
the flat hearth of a reverberatory furnace, at a temperature 
low enough to prevent the fusing of the oxide of lead formed. 
This is removed as it forms on the surface, and the operation 
is continued until practically the whole of the molten lead is 
converted into a yellow amorphous powder, which is ground. 
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washed, and dried in a manner similar to the treatment of 
litharge. 

The manufacture of marketable litharge direct from the 
ore is carried out by a process invented by Fell (New York, 
1900). He converts the galena (sulphide of lead) into 
sulphate of lead, by mixing the powdered ore with some 
refractory material, also in powder, such as lime or magnesia. 
This mixture is then carefully heated for about one hour in a 
reverberatory furnace at a temperature ranging from 600° 
to 750° F., with excess of oxygen so as to oxidise both the 
lead and the sulphur of the ore. This heating converts the 
lead in the charge wholly or partially into sulphate of lead. 
On completion of the oxidation, it is withdrawn from the 
furnace, cooled, and then intimately mixed with dry powdery 
caustic soda in the proportion of 26 parts caustic soda to 
100 of sulphide of lead, and the mixture submitted to heat ; 
the caustic soda converts the oxidised sulphur compounds 
into protoxide of lead and sulphate of soda. 

The mass now consists of protoxide of lead, mixed with 
some undecomposed ore, matrix, and sulphate of soda, which 
is put into suitable vessels, and water added to dissolve out 
the soluble soda salt ; the whole is then allowed to settle, and 
the clear liquor decanted. The undissolved residue is now 
treated with a strong solution of caustic soda (1 part to 2 
parts water), and brought to the boiling-point with constant 
stirring. On turning off the steam and allowing to settle, 
the clear liquor containing the whole of the protoxide of lead 
is run into a vessel containing metallic lead irf such form as 
to present as much surface as possible. In practice, granu- 
lated or spongy lead formed by pouring molten lead into 
water is employed. The hot solution of the protoxide is 
allowed to remain for a short time, and is then drawn off to 
another vessel to cool, and as it cools it deposits the litharge 
in the form of crystals, which vary in size and colour 
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according to the strength and volume of the solution and the 
time taken in cooling. 

The protoxide is now washed free from alkali, dried, and 
packed ready for the market. 

The solution of the caustic soda for dissolving out the 
protoxide may be used almost indefinitely, but the submission 
of the solution, while hot in contact with metallic lead, 
constitutes a very important feature of the process, as it 
preserves the usefulness of the soda solution as a permanent 
solvent of the protoxide, and secures the production of a 
pure litharge, instead of a mixture of various oxides. By 
using metallic lead, the higher oxides, such as peroxide and 
red lead, are reduced to protoxide, by combining with their 
excess of oxygen. Thus the oxides are practically all 
precipitated, and the usefulness of the soda, as a solvent, 
permanently maintained. 

Basic Carbonate of Lead or White Lead, 

"White lead as made by the Dutch process being considered 
the standard lead, this section will be devoted to a description 
of its manufacture. 

The many preparations of the pigment by other processes, 
and rightly termed "lead substitutes," are fully described 
under that heading. 

Dutch white lead consists approximately of 2 molecules 
of carbonate to 1 of hydrate of lead, the formula being 
2PbC03 . Pb(0H)2, and the composition — 

Lead carbonate (PbCOa) . . . 68*903 
Lead hydrate Pb(0H)2 . . . 31*097 



100*000 



When viewed under the microscope, its particles take the 
form of spongy transparent globules, having a diameter 
ranging from 0*0001 to 0*0004 of an inch. When ground 
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with linseed oil, they absorb it in a similar manner to a 
sponge absorbing water. On the other hand, a basic carbon- 
ate of lead prepared by any of the methods described under 
lead substitutes, when viewed microscopically, takes the form 
of a dense crystalline powder, and, no matter to what degree 
of fineness it is ground, the surface of the minute crystals is 
practically impervious to the oil. 

On this physical diflference rests the great superiority of 
Dutch white lead over the many modern imitations. The 
one possesses, and the others lack, what is termed " body " or 
'* covering power " under the brush. 

The best varieties of white lead are those approximating 
nearest to the basic carbonate, 2PbC03 . Pb(0H)2 ; if the 
carbonate increases appreciably above the necessary pro- 
portion to form the basic form the product assumes a crystal- 
line form, with a consequent reduction in covering power. 

The following analyses of white leads show the composi- 
tion of the globular and crystalline form of the pigment : — 



Lead carbonate . 
Lead hydrate 
Moisture (mechanical) . 



Globular. 



(1) 



(2) 



67-67 



32-16 



-17 



100-00 



68-09 



31-72 



•11 



99-92 



Crystalline. 



(3) 



84-55 



15-17 



■28 



100-00 



(4) 



78-62 



-21-32 



-08 



100-00 



Nos. 1 and 2 
Nos. 3 and 4 



Very good quality Dutch lead. 
Good colour, but deficient in body. 



White lead made by Dutch process is the result of 

the chemical action of acetic acid, carbonic acid, and 

atmospheric oxygen, produced by certain conditions oh thin 
8 
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layers ot metallic lead. The metal U8ed requires to be of 
the finest quality, very soft, and free from copper or anti- 
mony, the former colouring the pigment a dull grey. 
Eannow and Kraemer state that the pinkish tinge occasion- 
ally seen in- the manufacture, is due to the presence of small 
quantities of lead suboxide. 

The process is carried on in large stacks, varying in size 
in different works, some being, according to Bedson, 28 ft. 




L 






high and 14 ft square, with a lead capacity of 84 tons (see 

Fig. 26), The first stt^e in the manufacture ia the pre- 
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paring of the metal for exposure in the stacks. For this 
purpose it is melted in a large iron pot fitted with a hood to 
carry ofif the lead fumes. The molten lead is then cast into 
thin plates, 18 in. in length, 4 in. in width, and a thickness 
varying from tV in. to ^ in., or it is moulded into thin sheets 
of lattice work or gratings, formed by running the metal into 
moulds with rectangular furrows, and which are linked 
together on an endless belt. When full, they are carried to 
another department for emptying. The sheet moulded in 
this form allows a greater surface exposure and a better 
circulation through the stack of the acid vapours. 

The stack is built up in a brickwork chamber, having an 
opening 3 ft. wide in the front, running the height of the 
chamber, and is used for building up the stack. As each 
layer is built, the opening is closed to the level with a sliding 
board. Generally, the chambers are built back to back in 
two rows, each row containing six stacks. In erecting the 
stack, the floor is first formed by a layer of ashes, and then 
covered by a layer of fermenting tan to a depth of 2 ft., 
which is beaten down and made level. Formerly, horse 
manure and stable litter were used for this purpose, which, 
though producing a greater fermentation, and thus quickening 
the process to some extent, their use had its drawbacks in 
the great risks run by the decolorisation of the white lead 
through the formation of sulphuretted hydrogen in the 
fermenting mass. They are now discarded by all English 
makers. On the bed so formed the first layer of earthen- 
ware pots A A is placed. These pots, generally moulded to one 
size, are partially filled with a 3 per cent, solution of acetic 
acid, and then covered with layers of "latticed" or "grated " 
lead to a height of 4 to 5 in. They are arranged close to 
each other, and partly embedded in the tan. A few inches 
above the layers of lead runs a flooring of boards, well 
supported from the ends and centre, and left a little open at 
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each alternate end to allow the circulation of air through 

the stack. On this is placed another layer of tan to a 

depth only of about 1 ft., which forms the second bed, and 

on it the layers of pots and lead are placed, as in the 

first bed. The stack is thus gradually built to the top 
of the brick chamber, the front opening closed up and 

then allowed to stand fourteen to fifteen weeks before 

reopening. 

During this period, the various chemical actions which 
transform the metallic lead into a definite mixture of carbon- 
ate and hydrate of lead take place. From the fermenting 
tan is obtained, along with carbonic acid, the necessary heat 
to volatilise the acetic acid and water in the pots ; and these 
products in conjunction with the oxygen of the air in the 
stack, acting upon the lead, yield a basic acetate, which is 
further converted into basic carbonate of lead by the action 
of the moist and warm carbonic acid. When the corroding 
action is deemed sufficient, the stack is reopened and the plates 
are found covered with a thick coating of white lead. To 
detach this from the cores of uncorroded lead, the white 
layers are carefully removed and thrown into large tanks 
containing water, and from thence are lifted by a bucket 
elevator to an endless band, which feeds two pairs of rollers ; 
on passing through the last pair, the detached metal falls 
into a receiving tank, while the powdery white lead drops 
over a sloping shelf into another tank, to be ground and then 
dried for the market. 

The lead is again melted and cast into plates or grates 
for a second corrosion. 

In grinding the wet white lead to a condition suitable 
for drying, six or seven pairs of stones are used in some 
works, the pulp being passed through the series before a 
sufficient degree of fineness has been attained. 

The drying is carried out in long brick chambers, pro- 
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vided with ventilators for carrying off the moist air. On 
each side of the central passage are arranged the wooden 
racks for supporting the shallow dishes containing the pulp 
lead. The chambers are warmed by air flues, and kept at 
a temperature which, while it effectually dries the white 
lead, does not injure its colour. Over-heating gives a 
yellow coloration to the pigment, which depreciates its 
value. 

White lead is very quickly attacked by sulphur com- 
pounds, forming black sulphide of lead. Consequently, 
when used in a sulphuretted atmosphere, it does not retain 
its colour in the same manner that zinc white would do 
under similar conditions. 

When white lead is strongly heated in contact with the 
atmosphere, it forms a variety of red lead, having an orange 
tint, and known commercially as orange lead. 

Heavy spar, gypsum, zinc oxide, and sulphide are fre- 
quently used as adulterants in commercial white lead, and 
lower its value as a pigment. 

Red Lead or Minium, 

Red lead or minium is a combination of peroxide with 
protoxide of lead — 

2PbO + PbOg = PbgO^, 

and exists as a scarlet crystalline powder, with a specific 
gravity of 8*62. 

It is prepared by the oxidation of metallic lead into 
protoxide or litharge, and thence into red lead by a further 
absorption of oxygen — 

(1) 3Pb + 03 =3PbO; 

(2) 3PbO H- = Pb304 ; 

the theoretical yield being 110-36 parts from 100 parts of 
metallic lead oxidised, or 10*36 per cent. 
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According to Percy, commercial red lead has the following 
composition : — 

f Peroxide of lead . . 18*89 

^^ ^^^^tProtoxide of lead . 80*54 

Sesquioxide of iron . 0*19 

Copper and silver . . . trace 



99-62 

Eed lead, when heated, changes from scarlet to a violet 

colour; the original shade, however, is regained on cooling. 

At a red heat it is decomposed into oxygen and litharge, 

thus — 

PbsO^ = 3PbO + 0. 

Like all the other oxides of lead, it is quickly reduced to 
metallic lead when heated to redness with charcoal — 

Pb304+2C = 3Pb + 2C02. 

The manufacture is carried on in two stages, the first being 
the conversion of the lead into litharge, and technically 
known as " dressing " ; and the second consists of a further 
heating of the litharge until the desired colour is obtained, 
and is known as the " colouring " stage. Some manufacturers 
conduct both processes alternately in the same furnace or 
oven ; others, again, use a second furnace for the colouring. 

In construction, both furnaces differ but slightly, and are 
seen in elevation and plan, Figs. 27 and 28. They are built 
of fire-brick, well tied by standards and tie-rods, and both 
have low-arched roofs. The bed of each furnace is made of 
fire-brick, and slightly inclines from each side towards the 
centre, being supported by a cast-iron bed-plate resting on 
brick columns. In Fig. 27 the three front openings neces- 
sary for working the furnace are shown ; A A being the fire- 
places, and B the door through which the charge is made 
and the rabbling of the molten metal efifected for oxidation ; 
the chimney C carries away the gases and any lead fume. 
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A charge of 28 cwt. is used, comprising 25 cwt. of pig 
lead with 3 cwt. of unoxidised lead from previous workings, 
and the fuel consumed is a good quality slack. 
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Fig. 27. — Dressing Oven. Elevation. 

In working, the furnaceman first builds a low dam across 
the front of his oven with ground and levigated oxide from 
a previous charge, and behind this barrier the pigs of lead 
are placed. The metal soon melts, forming a pool, which is 
vigorously rabbled, so that every part shall in turn be 
presented to the oxidising flame. This continues for three 
hours, and the litharge produced is thrown back, forming a 
heap at the back of the furnace. After eight hours' exposure 
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with continual rabbling, the larger proportion of the lead is 
oxidised ; the dam is then broken, and the remaining unoxi- 
dised metal is drained away into a mould for use in the next 
charge. The coarse litharge is now raked out on to the floor 
in front of the furnace, and sprinkled well with water — a 
necessary precaution in allaying the fine dust during subse- 
quent handling. It is then ground between millstones, 
rotating horizontally, the stones being supplied from a lead- 
lined trough, into which the litharge, mixed with a plentiful 
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Fig. 28. — ColouriDg Oven. Plan. 

supply of water, is placed. As the ground oxide, in the form 
of a greenish-yellow mud, leaves the stones, it flows, aided by 
a current of water, into a large cylindrical vessel fitted with 
shaft and projecting arms. A supply of water is forced in 
from the bottom by a pump, and, on the arms revolving, the 
finer particles are kept in suspension, and thence carried 
over into large settling tanks, leaving a coarse residue to be 
further ground and washed. On subsiding, the fine yellow 
litharge is removed, dried slowly, and then charged into the 
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furnace, of which a plan is seen in Fig. 28. Here it is exposed 
on the bed D with constant stirring to a temperature ranging 
from 550" to 600° F., the furnace doors being open to allow 
a plentiful supply of oxygen. At the end of forty-five hours' 
exposure, a drawn sample on cooling should have the 
characteristic scarlet colour of red lead. The doors are now 
closed, and the furnace allowed to cool slowly — a provision 
necessary to the success of the colouring stage; then the 
charge is withdrawn, ground and sifted for the market. 
The increase in weight averages 8 per cent., showing a loss of 
over 2 J per cent, in working the two stages. 

Red lead of commerce is sometimes found adulterated 
with brick-dust and iron oxide ; these impurities can be 
detected on heating the sample, which, if pure, would assume 
the yellow tint of litharge, and, if adulterated, the red colour 
of brick-dust and ferric oxide would remain permanent under 
the heat. 

The requisites for a good protective covering for iron and 
steel, are stated by Mr. William Jones to be — 

(1) That it should firmly adhere to the surface, and not 
chip or peel off. 

(2) It must not corrode the iron, else the remedy may 
only aggravate the disease. 

(3) It must form a surface hard enough to resist frictional 
influences, yet elastic enough to conform to the expansion 
and contraction of the metal, by heat or cold. 

(4) It must be impervious to and unaffected by moisture, 
atmospheric and other influences, to which it may be ex- 
posed. 

In undertaking to produce a paint having these require- 
ments, Custer and Smith (1896) consider that there is not 
paint in existence that will meet these wants so fully as 
good red lead, ground in linseed oil, when applied in two 
coats, and which yield an absolutely impervious and water- 
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proof surface. The superiority of a red - lead coating is 
further exemplified by the results of several tests, shown at a 
meeting of the Society of Engineers (St. Paul's, U.S.A., 1897). 

The tests were iron sheets, each covered with a different 
paint, and exposed for six months to the smoke of a loco- 
motive shed. On examination, the red-lead coating was 
found to be the best preserved, next followed white lead, and 
afterwards, in order of merit, iron oxide, asphaltum, and 
graphite. 

For the success of a good covering on ironwork, it is 
necessary that the surface, before application, should be 
thoroughly cleansed of any dirt, grease, or rust present, by 
scraping and scrubbing. With new iron, the surface requires 
to be exposed to the action of a dilute acid, either sulphuric 
or hydrochloric, to dissolve any scale (oxide of iron) present, 
the acid used being afterwards " killed " or neutralised, by 
washing the exposed surface with a dilute alkaline solution, 
and lastly with water to remove the soluble matters formed 
by this " pickling " process. With these precautions, the 
durability of a good red-lead coating is fully assured. 

In coating tin surfaces, a good protecting covering is 
made up by grinding together — 

10 lb. Venetian red, 
1 lb. red lead, 
1 gallon pure linseed oil, 

and applying the paint both on the upper and under surfaces. 
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CHAPTER X. 

Lead Poisoning. 

Of all the lead compounds used as white pigments, lead 
sulphate is the only one which is non-poisonous in its action 
on the system. This property is due to the insolubility of 
the pigment in the gastric juices of the stomach, and con- 
sequently it passes away into the bowels without change. 
On the other hand, all the carbonates, whether made by the 
precipitation or the Dutch process, are rendered soluble by 
such action, and consequently, in this soluble form, pass into 
the blood. Hence the evil efifects to the workpeople engaged 
in this class of work, although the Home Office has done 
much to mitigate the dangers of the work by enforcing 
stringent regulations in the conducting of white -lead 
factories. 

White lead in the form of a fine dust is taken into the 
system, partly through the lungs, and partly by absorption 
through the skin, which in time produces what is termed, 
chronic lead poisoning. One of the earliest indications of 
the trouble is seen in the blue line on the gum, and this is 
generally accompanied by great constipation. Then follows 
acute pains in the pit of the stomach, and the skin becomes 
clammy with cold perspiration. The sufiferers may recover 
completely, or may be affected, says Dr. Rabagliati, by the 
second form of chronic poisoning known as lead palsy. In 
some instances it terminates in a species of apoplexy, which 
comes on with giddiness, extreme weakness, and torpor. As 
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these increase, the pains in the abdomen subside, and the 
patient at length dies, convulsed and comatose. 

In the treatment of mild cases, Epsom salts dissolved in 
a little water and flavoured with liquorice, forms a good 
antidote, the sulphuric acid forming with the lead an insol- 
uble sulphate of lead, which passes into the bowels and is 
thus removed. In chronic cases, potassium iodide is ad- 
ministered three or four times a day, the action by this 
treatment being the formation of a yellow insoluble iodide of 
lead. 

The regulations controlling white - lead factories are 
applicable both to employers and employed. In the first 
place, the former are required — 

(1) To provide respirators, overall suits, and head-cover- 
ings for their workpeople, and to see, through their 
managers or foremen, that they are delivered to and worn by 
each person engaged ; 

(2) To provide bath accommodation with hot and cold 
water, soap, brushes, and a daily supply of clean towels for 
both male and female workers ; 

(3) To provide dressing-rooms, dining-rooms, and cloak- 
rooms ; 

(4) To allow ten minutes before each meal-time and at 
the close of the day's work, for changing of clothes and 
washing ; 

(5) To provide for the weekly visit of a doctor, and to 
keep a register of all employed, and when examined by the 
doctor ; 

(6) To see that no female is employed without a medical 
certificate ; 

(7) To report any case of illness from lead poisoning to 
H.M. Inspector for the district and the certifying surgeon ; 

(8) To supply certain sanitary drinks for the use of the 
workpeople ; 
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(9) To see that every stack is fitted with stand-pipe or 
movable hose provided with a very fine rose, so that a 
supply of water can be distributed ; 

(10) To see that each department of the factory is well 
ventilated, so that any lead-dust can be carried away. 

As regards the workpeople, the regulations require — 

(1) That each person, before commencing work, sees that 
he has served out to him, respirators, overalls, and head- 
coverings whenever required, either in the " blue " or " white " 
beds ; 

(2) That each man or woman, before going home or to 
meals, must put off their overalls, etc., and deliver them to 
an attendant ; 

(3) That each man or woman brush ofiF every particle of 
lead from their clothes, thoroughly wash, and see that no 
dust remains under the finger-nails ; 

(4) To regularly take the sanitary drinks provided. 



CHAPTER XL 

Lead Substitutes. 

Strictly speaking, only those pigments containing lead as 
a basis may be rightly considered as genuine substitutes 
for Dutch white lead. Many substitutes have, however, 
been proposed and used with more or less success which 
contain no carbonate of lead, and others again in which the 
value of the lead pigment is lowered by the addition of 
native or precipitated sulphates or carbonates of barium, 
strontium, lime, magnesia, etc. 

Under this heading, then, will be described — 

(1) Substitutes of which lead forms the basis. 

(2) Substitutes used as pigments, but containing no lead. 

(3) Substitutes in which the value of the lead compound 

present is lowered by the addition of native or precipitated 

sulphates or carbonates of barium, strontium, lime, magnesia, 

etc. 

1. Substitutes of which Lead forms the Basis, 

In the form of a spongy, transparent, globular powder, 
or in a crystalline condition, are found the particles of all 
lead pigments. On this difference, which is dependent 
on the mode of manufacture, depends the permanence and 
covering power of the pigment. 

A white lead made by the old Dutch process is of the 
globular variety, and is found, when ground with linseed 
oil, to absorb more of the oil than the white lead, having a 
crystalline texture, and practice has shown that it has 
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greater body and spreads better under the brush than the 
carbonates or sulphates of lead produced by precipitation in 
the former and by sublimation in the latter case. 

For this reason, all precipitated or sublimed lead pig- 
ments are considered inferior to genuine white lead. 
This is fully borne out by the conclusions of the Parlia- 
mentary Commission on the white-lead industries, sitting in 
1893, which, after taking the evidence of persons competent 
to judge, says " that there is at present no substitute that 
can take the place of carbonate of lead made by the old 
Dutch process." 

Many attempts have been made to alter the crystalline 
character of lead substitutes, by a quick process, which shall 
do away with the tediousness and expense of the old method, 
but without success. To-day, as in 1893, all lead pigments 
other than the Dutch white lead are of a crystalline nature, 
and thus remain inferior to the genuine article. 

(a) Lead Carbonates by Precipitation, — All precipitation 
processes depend on the formation, in the first instance, of a 
basic acetate of lead, which compound is easily decomposed 
by a current of carbonic acid gas, forming a mixture of 
carbonate and hydrate of lead. In this manner Puller 
(1859) worked, by treating finely divided lead in a moistened 
condition, with acetic acid, and treating the resulting acetate 
with carbonic acid gas. The precipitate, on subsiding, was 
then washed and dried. 

Gruneberg also (1860) worked with finely divided 
metallic lead, which he subjected, while in rapid motion, to 
the simultaneous action of air, acetic acid, and carbonic acid. 
The resulting precipitate was a mixture of carbonate and 
hydrate of lead, which on washing and drying formed the 
pigment. 

Thenard first invented the French method of white-lead 
making, which is now carried on at Clichy and other places 
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in Frauce, the finished pigment being known as " Clichy 
^White." It is made by dissolving litharge in acetic acid, and 
then passing into the acetate formed, a current of carbonic 
acid gas. When first brought out, it was considered to be a 
revolutionary process, and likely to supersede the old method ; 
but it soon became apparent that the pigment had not the 
capacity or body of Dutch lead, — in other words, it was crys- 
talline in texture, and not amorphous. 

Later, Dale and Milner (1872) produced a pigment by 
agitating litharge, salt, and water together, so as to form an 
insoluble basic chloride of lead, and suspending this product 
in a solution, made by dissolving caustic soda and common 
salt together ; the precipitate was then finally treated with 
carbonic acid in a lead-lined vessel. 

Wilson (1884) first produces a basic acetiate of lead by 
the alternate action of air, steam, and normal acetate of lead, 
upon finely divided lead contained in a revolving drum. The 
basic acetate is then removed to another vessel and treated 
with carbonic acid gas, yielding a mixture of carbonate and 
hydrate of lead. 

Lowe (1887) forms a lead nitrate by dissolving litharge 
in nitric acid, and thence precipitating from the solution a 
normal carbonate of lead by adding bicarbonate of soda or 
potash. To convert the normal into the basic product, he 
adds a basic lead acetate to the former. 

Bonner (1889) first prepares a sulphate of lead by pre- 
cipitation with sulphuric acid, or oxidises in a current of air, 
galena ore ; the resulting sulphate is then converted into the 
basic form 2PbS04 . PbHgOg, by boiling with caustic soda. 
On washing the precipitate to free it from sulphate of. soda, 
it is further heated with carbonate of soda, basic white lead 
being formed. The reactions are seen in the following 
equations : — 

(1) 3PbS + 3O4 = 3PbS04 (sulphate of lead). 
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(2) SPbSO^ + 2NaH0 = 2PbS04 .PbHgOg + NagSO^ (basic 

sulphate of lead). 

(3) 2PbS04 . PbHgOg + 2Na2C03 = 2PbC03 • PbHgOg 

+ 2Na2S04 (basic white lead). 

The process of Professor M*Ivor (1890) consists in pre- 
paring litharge from the ore, which is placed in a suitable 
vessel with a stirring apparatus, along with a solution of acetate 
of ammonium ; after agitating for several hours, the acetate 
dissolves the whole of the litharge. On settling, the clear 
liquor is pumped to a second vat, into which a current of 
carbonic acid gas is passed. By this means, a basic white 
lead is precipitated, and the mother liquor contains the 
acetate of ammonium. This is drawn off, and the white 
sludge at the bottom of the vat is forced through a filter- 
press to free it from any mother liquor. The pressed cakes 
from the filter, are now removed to a washing apparatus, 
thoroughly washed, and the formed sludge again forced 
through the press, and the cakes then removed to the drying 
room. The mother liquor is used for a second operation. 

Bunn and Case (1894) produced a white pigment by 
causing coarse particles of lead to be agitated with water in 
an open tub or other receptacle, the lead, by the attrition 
caused by the agitation, being reduced to a fine condition ; the 
comminuted particles of lead were then washed in a revolving 
cylinder, and exposed to a rolling or tumbling motion, in 
presence of compressed air. The oxide thus produced, was 
separated from any unoxidised metallic lead, and then 
conducted to a settling tank. From thence, the deposited 
oxide was placed in a second cylinder, and treated with 
carbonic acid and water, to produce the basic white lead. 
This was afterwards washed and dried for grinding. 

Corbett (1896) obtains a white lead by passing finely 
divided litharge into an air-tight vessel with acidulated 
aldehyde or alcohol, carbonic acid being then pumped in and 
9 
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the contents of the vessel well agitated until basic white lead 
is formed. This product is now forced on to filters, to 
separate the white sludge from the fluids, and then dried in 
the usual way. 

-^Gamelin (1896) suggests the use of a new pigment in 
the form of oxy-chloro-carbonate of lead. It is prepared by 
heating a mixture of lead sulphate, caustic soda, common 
salt, and carbonate of soda, in water to 100° C. ; the precipitate 
formed is then thrown on to a filter, washed free of sulphate 
of soda, and then dried. The following equation represents 
the reaction : — 
4PbS04 + 2]SraH0 + 2NaCl + 2Na2C03 = 2PbC03 . PbClg . 
Pb(0H)2 + 4X82804 (oxy-chloro-carbonate of lead). 

Galloway (1897) forms a white pigment of lead, by 
heating a mixture of silica and nitrate of soda with super- 
heated steam, nitric acid being given off. The acid is led 
into earthenware pipes or stone towers containing scrap lead, 
or litharge, whereby nitrate of lead is formed. This is 
neutralised with ammonia, and precipitated by treatment 
under pressure with ammonia and carbonic acid, or with 
ammonium carbonate direct. The resulting white precipitate, 
is a basic carbonate of lead, which, after washing free from 
ammonium nitrate, is dried. 

{a) Carbonate of Lead hy Electrolysis. — The application 
of electricity in the manufacture of white lead is a new 
departure, and finds considerable favour in the United States. 
In this country, it is believed that the pigment produced is 
not free from that crystalline character which is fatal to all 
lead compounds, in their attempts to supersede Dutch white 
lead. 

In describing the Brown electrolytic process, Mr. E. P. 
Williams says it consists of — 

(1) The electrical preparation of nitric acid and caustic 
soda ; 
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(2) The action of the nitric acid on lead forming nitrate 

of lead ; 

(3) The reaction of lead nitrate and caustic soda to form 

hydroxide of lead ; 

(4) The combination of hydroxide of lead and sodium 

bicarbonate to form white lead. 
In the first step of the process, a solution of nitrate of 
soda is decomposed by an electric current from a dynamo ; 
the strength of the solution being about 10° B. or 1 lb. nitrate 
to the gallon of water. The solution is put into a series of 
cells constructed of wood, and divided into two compartments 
by a porous partition. At the plus electrode is fastened a 
" pig " of lead, and, at the minus, a sheet of copper. The 
solution being run from an overhead reservoir, and the 
electric current turned on, the nitrate is decomposed according 
to the equation — 

+ ' 
NaNOg + HgO = NaHO + HNO3, 

nitric acid collecting at the plus electrode, and caustic soda 
at the minus. The nitric acid at once attacks the lead, 
forming lead nitrate which dissolves, 

2HN03 + Pb = Pb(N03)2 + H2, 
whereas the caustic soda produces no effect on the copper 
at the negative pole. The lead nitrate and caustic soda are 
drawn off separately, and mixed in quantitative proportions 
in another vessel. The result gives hydroxide of lead as a 
white powder, leaving the nitrate of soda in solution — 

Pb(N03)2 + 2NaH0 = Pb(0H)2 + 2NaN03. 
The hydroxide of lead is filtered automatically by a rotatory 
filtering device, and the nitrate of soda is pumped back into 
the original reservoir. Finally, a solution of bicarbonate of 
soda is added to the hydroxide, which yields white lead 
according to the equation — 

Pb(0H)2 + NaHC03 = PbCOs + NaHO + HgO. 
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On filtering, the solution of caustic soda existing as a bye- 
product, is reconverted into bicarbonate of soda, to be used 
in a second operation, by passing into it a current of carbonic 
acid. It is claimed for this electric process, that being 
continuous, it is completed the same day ; that it requires but 
little labour, and, as to durability, opacity, and covering 
power, quite equal to the best brands of Dutch white lead. 

Bottone's invention consists in electrically dissolving a 
lead electrode in an electrolyte, containing nascent or free 
carbonic acid, whereby the lead compound formed by the 
electrolytic action is precipitated to form hydrated carbonate 
of lead, which is then removed, washed, and dried. He 
describes the practical working as follows : The electrolytic 
solution is prepared by dissolving J lb. each of sodium nitrate 
and ammonium nitrate in one gallon of water, and then 
saturating the solution thus formed with carbonic acid. The 
solution is placed in a suitable vessel or tank, and electrodes 
of metallic lead are immersed in the same. The electrodes 
are then connected to a source of electricity having a current 
density of about 1 5 amperes per square foot of anode surface. 
Upon the passage of such a current between the electrodes, 
the white lead begins to fall very rapidly. As the carbonic 
acid is taken up from the bath to form the hydrated carbonate 
of lead, it is necessary to replenish with additional carbonic 
acid as the process continues. The reactions taking place 
upon the passage of the electric current form at the anode, 
nitrogen pentoxide, ozone, and oxygen, and, at the cathode, 
caustic soda, ammonia, and hydrogen. The lead is attacked 
by the powerfully oxidising nitrogen pentoxide (NgOg) and 
ozone, but nitrogen pentoxide in the presence of water is 
decomposed and forms nitric acid. During the double 
decomposition which takes place, nitric acid and hydroxide of 
lead are formed ; the former again combining with the free 
ammonia and caustic soda to form nitrates, while the 
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hydroxide of lead is precipitated by the free carbonic acid 
present, and forms finally the hydrated carbonate or white 
lead. Thus it is seen that, although the solution is decom- 
posed in the first instance, it is regenerated by the chemical 
reactions taking place, and the only loss sustained is the car- 
bonic acid and water. The white lead is from time to time 
removed from the tank, washed and dried for the market. 

Farranti, in his invention, used a solution of ammonium 
acetate, and enclosed the anodes in porous cells. The electro- 
lysis yields a solution of lead acetate at the anode, and 
caustic ammonia at the cathode. These solutions are run 
into separate tanks, and the ammonia is carbonated by a 
current of carbonic acid ; the solution of ammonium carbonate 
formed is then mixed with that of the lead acetate, and from 
this union the hydrated carbonate of lead is precipitated, 
leaving ammonium acetate in solution for use over again. 
Farranti's electrolyser consists of lead plates locked together in 
a frame, as in a filter-press, the frames being insulated from 
each other by porous diaphragms of stout Willesdenised paper. 

(b) Oxychloride of Lead. — See " Compounds of Lead," 
page 39. 

(c) Suljyhate of Lead, — This pigment, sometimes termed 
sublimed lead, is produced by the oxidation of galena ore in 
a current of air, the action being seen in the following 
equation : — 

PbS + O4 (galena) = PbSO^ (sulphate of lead). 

In this country, and also in the United States, sulphate 
of lead has been used to a considerable extent as a cheap 
pigment : owing, however, to its crystalline nature and non- 
saponifying power when ground with linseed oil, it has never 
seriously affected, in the market, the position held by genuine 
white lead made by the Dutch process. 

As manufactured by the late White Lead Company 
Limited, under Hannay's patents, the process of conversion 
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of the galena ore into sulphate of lead was instantaneous and 
continuous. As the workmen were shovelling the ore into 
the furnace at one end, the pumps were drawing off the wet 
pigment at the other, when, after washing and drying, it was 
sent into the market, the process occupying about forty-eight 
hours. The oxidation is carried on in furnaces, built slightly 
rectangular, as seen in A A A A, Figs. 29 and 30, four of which 
constitute a bench, and they are connected with a main flue 
H by a short flue opening from the back of each furnace. 
B B B B represent the charging doors, and the blast for pro- 
viding the necessary oxygen enters each furnace at E, by 
three short tuyeres, the air current being obtained from the 
air engine G, placed at the end of the bench. C C represent 
the cleaning doors at each side of every furnace, and D D D D 
are spaces below the ground level in which the workmen 
stand to clean the furnaces from the slag formed during the 
burning of the ore. At the end of the main flue is the 
tower K, and nearly at the top is fixed the semicircular iron 
box containing the steam injectors which are in connection 
with the steam supply pipe N. The box is provided in 
front with a door for cleaning purposes. PP represents 
the large condenser, resting on the brick columns YYY. 
The condenser is built of stout planking, tied with rods, and 
contains at the end a wooden chimney through which the 
steam and gases escape. The water supply is at V, being 
regulated by a ball-cock, the water flowing through the pipe 
W to the inside of the condenser. Internally, the condenser 
consists of a central passage running the full length, the top 
being covered with fire-clay slabs, and the sides Q built of 
fire-bricks. By this means, the hot fume forced in by the 
steam injectors does not come into contact with any part of 
the woodwork. Below the brickwork are arranged, vertically, 
a number of fire-clay slabs, about 10 in. in height, and 
between each slab a space of half an inch is left. At the 
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back of these again is placed another row R, arranged a 
little closer, and running the full length of the brickwork, 
the whole being supported by stout wooden beams. The 
water level covers the slabs, reaching to a point about half- 
way up the brick walls of the passage. From S S on both 
sides of the condenser, the floor is bevelled to allow the lead 
pulp to fall to the centre U U, from which it is withdrawn 
through a leaden pipe by a powerful suction pump. The 
condenser is also provided with cocks, so that samples may be 
withdrawn for examination. At difiPerent points of the main 
flue, manholes fitted with sliding doors are provided, which can 
be removed and replaced without interfering with the working. 
In working, the furnaces are first lighted with wood and 
coal, and the manhole dooTS removed to allow the black 
smoke to escape. On this, the first charge of coke is made 
and the blast turned on. Additions, from time to time, are 
made of coke, through the charging door, until the level of 
the door is reached. Meanwhile, the fumaceman has 
received his proportion of ore for each furnace, which he 
distributes over the " shift " of twelve hours, the consumption 
varying from 1 J to 2 cwt. per hour per furnace. On throw- 
ing a charge of ore on the " live " coke, the volatilised black 
sulphide of lead which rises above the surface is seen to 
change to a white vapour, as it is fed by continuous supplies 
of oxygen. Previous to the first charge, however, the 
fumaceman proceeds to the steam injectors on the top of the 
condenser, and, turning on the steam, the flues are exhausted, 
and thus a strong draught is created in each furnace. 
As the sulphide is converted into sulphate, it is drawn 
through the flues and tower, which to a material extent 
reduces its temperature, and then is forced by the injectors 
into the central passage of the condenser. Here no means 
of escape is possible, except by a passage through the water, 
which absorbs or takes out the fine white particles of the 
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fume ; the steam, escapiDg condensation, being driven through 
the interstices of the fire-clay slabs, to the sides of the 
condenser, whence it escapes at the end through the chimney. 
A continuous fall of lead sulphate thus takes place to the 
bottom of the condenser, from which it is removed by the 
pump. 

The product thus produced contains, in addition to sul- 
phate of lead, the oxides of lead, zinc, and iron. To convert 




Fig. 31. — Sectional Elevation Lead Washer. 

the oxide of lead into insoluble sulphate, and the oxides 
of zinc and iron into soluble sulphates, the lead pulp is 
forced into a large washing apparatus (Fig. 31). This is an 
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iron tank resting on brickwork, through which is seen the 
bevelled cog-wheels which drive the agitator C. The motive 
power is supplied by the engine E. The tank is covered 
with the wooden dome I, having a manhole and an outlet at 
the top for the escape of steam. To gain access to the 
manhole, the tank is provided with a passage G, which is 
reached by the ladder F. Inside, the lower part of the tank 
is bevelled to allow the lead sulphate to be more efifectually 
washed, and the whole is covered with lead sheets burnt 
together and hammered flat to the circle of the tank. Inside 
also is fixed the wooden supports, which carry the perforated 
lead steam coils B. The charge in the condenser is pumped 
in so that the coils are well covered, and the necessary 
quantity of sulphuric acid then added. On setting in 
motion the agitator, the contents, aided by the steam blown 
in, are soon brought into a state of commotion, and to a 
temperature of 80° C. This is continued for three hours, 
and results in the conversion of the oxide to sulphate of 
lead, with the formation of soluble sulphates of zinc and 
iron. 

To free the lead pulp from these foreign bodies and the 
acidity consequent on an excess of acid used, the contents 
are allowed to settle, and the supernatant liquor run off from 
a valve. A fresh supply of water is then added, and the 
pulp again well agitated ; on settling, the clear liquor, as 
before, is run off. This is repeated until the wash water is 
free from acidity and the salts of zinc and iron. The pulp 
is now pumped from the washer, passing through a lead pipe 
to large presses, whence it is freed from a large portion of 
the water, the cakes inside the filtering chambers retaining 
only about 10 per cent. 

On removing the plates (see Fig. 32, showing a filter plate 
with the corrugations and perforated plate covering them), 
which are mounted on deep rectangular bars, the cakes fall 
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on to a travelling band which carries them to the drying 
room, where they are dried in shallow earthen dishes, arranged 




E 





Fig. 32.— Filter-Press. 

on racks, the heat being supplied by flues running the length 
of the room. The finished product is sent out in the dried 
state or ground with linseed oil. 

Two hundred and forty parts of pure galena yield three 
hundred and four parts of sulphate of lead, the pigment 
produced being non-poisonous and but slowly affected by 
sulphuretted hydrogen. 

The Pilcher Lead Company (says the Sdentific American, 
1896) obtain lead sulphate as a bye-product in the smelting 
of non-argentiferous lead ore. It is made in two colours — 
(1) white, used for all colours incident to the use of ordinary 
white lead ; and (2) blue, which is a preferable colour when 
used as a pigment for iron, or as a material in the manu- 
facture of rubber. The ore is first smelted with raw coal 
and slaked lime in a special furnace, using an air blast to 
obtain the required heat ; the hotter the fire, the more lead is 
volatilised, and the moire fume produced. 

The products of this smelting are " pig " lead, pasty slags 
containing more or less lead, zinc, and other constituents of 
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the ore, and the fume. The latter is drawn off by an 
exhaust fan, through a settling chamber to a bag house, 
which contains a large number of woollen bags, for filtering 
the fume out of the gases. This fume is a lead-coloured, 
impalpable powder, known as " Blue Powder." It is re- 
moved, ignited, and allowed to burn for several hours, which 
converts it into white coherent crusts. These crusts, with 
some oxidised ores and hearth slags, are next charged into 
a special furnace with a very hot coke fire. The products of 
this smelting are " pig " lead, slags poor enough in lead to be 
thrown away, and the fume, which is perfectly white and in 
a fine state of subdivision, suitable for a white pigment, and 
is sold as such, or ground in oil. 

Made in this manner, it is claimed that the ground pig- 
ment does not crack or peel when applied to metallic sur- 
faces, has good covering power, and is unaffected by 
ammonia or sulphur fumes. 

(d) Sulphite of Lead. — This pigment has but a very 
limited use as a lead substitute. It is a white, insoluble 
powder, which when heated gives off sulphurous acid, and 
leaves a mixture of sulphate and sulphide of lead. The 
pigment is prepared by double decomposition, or by passing 
sulphurous acid into a neutral acetate of lead. 

2. Substitutes used as Pigments , but containing no Lead, 

(a) Basic Nitrate of Bismuth. — This product has been 
used under the name of "Pearl White." It is prepared (1) 
by heating nitrate of bismuth for some time to 80*^0., or 
(2) by decomposing the acid solution of the nitrate with 
water, the basic nitrate being precipitated as a white 
powder. 

(6) Sulpliate of Strontium. — Under the name of " Strontian 
White" this substitute is known. It is produced by pre- 
cipitating a soluble strontium salt with sulphuric acid. The 
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precipitate formed is a white powder, but very slightly 
soluble in either hot or cold water. 

(c) Oxide and Carbonate of Magnesia. — Both are known 
as "Magnesia White." The oxide is produced as a white 
amorphous powder when the metal is burnt in air, or when 
the carbonate is ignited. It is tasteless and inodourless, and 
but very slightly soluble in water. The carbonate, also found 
native as magnesite, is prepared by precipitating a soluble 
magnesium salt with sodium carbonate. 

(d) Tungstate of Barium. — This product, known as 
" Tungsten White," is obtained by dissolving sodium tungstate 
in water, and precipitating from the solution, as a white powder, 
the tungstate of barium by the addition of barium chloride. 

{e) Hydrate of Cadmium, — Under the name of " Cad- 
mium White " this compound has been used. It is prepared 
by adding potash to a sulphite or chloride of cadmium. 

(/) Antimonious Oxide. — This oxide, under the name of 
" White Antimony," has been put forth as a pigment. Arti- 
ficially it is produced by heating trisulphide of antimony 
with strong hydrochloric acid, and pouring the resulting 
solution into a boiling solution of sodium carbonate, the 
antimonious oxide being precipitated as a white powder. 

{g) Oodde of Zinc. — See " Salts of Zinc," page 166. 

Qi) Silicate of Zinc. — ,, „ page 166. 

(i) Sulphide of Zinc. — „ „ page 164. 

{j) Oxide of Zinc and Barium Sulphate. — The mixture of 
these two bodies forms the pigment known as " Charlton 
White." 

(k) Barium Sulphate. — See " White Minerals used as 
Pigments," page 176. 

{I) Carbonate of Lime. — See "White Minerals used as 
Pigments." 

(m) Silicate of Alumina {China Clay). — See "White 
Minerals used as Pigments," page 178. 
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3. Suhstitutes in which the vahie of the Lead Compound present 
is lowered by the addition of Oocide of Zinc or of Native 
or Precipitated Sulphates or Carbonates of Barium, 
Strontium, Lime, Magnesia, etc, 

(a) Venice white is composed of equal parts of barium 
sulphate (barytes) and white lead. 

(b) Dutch white contains three parts of barium sulphate 
to one part white lead. 

(c) Hannay's white is a mixture of oxide of zinc and 
chloro-sulphite of lead. 

(d) Freeman's white is a mixture of sulphate of lead 
with zinc oxide and a small proportion of barytes. 

(e) Marine white is composed of 75 per cent, of sulphate 
of lead and 25 per cent, of barytes. Many mixtures of 
mineral whites, zinc oxide and sulphide, and lead pigments, 
exist. They are made up to suit the requirements of each 
manufacturer. 



CHAPTER XII. 

Zinc and its Compounds. 

Occurrence. — Zinc and its compounds have a wide industrial 
application. The metal is rarely found in the native state, 
but in a combined form with sulphur and carbonic acid, as 
blende and calamine. Other combinations of zinc with 
silica exist as willemite, an anhydrous silicate of zinc 
(2ZnO . SiOg), found near Aix-la-Chapelle, and as Smith- 
sonite, a hydrous silicate (2ZnO . SiOg + HgO), occurring in 
fibrous forms in Carinthia. Zinc also is found in union 
with oxygen, as zincite or red zinc ore, the mineral being 
found in New Jersey, mixed with a little oxide of 
manganese. 

For metallurgical purposes, blende and calamine are the 
minerals chiefly used in extracting the metal. They are 
found in the carboniferous and magnesian limestones in 
England, France, Spain, and other countries. Blende is 
generally associated with galena, iron and copper pyrites and 
heavy spar, the mineral crystallizing in rhombic dodecahedrons, 
having a highly conchoidal fracture and an adamantine 
lustre. It is found either transparent or translucent, with 
a specific gravity of 4. Calamine occurs in concretionary i 

forms and compact masses of a yellowish - white colour I 

when pure, but generally tinged with brown, from the pres- 
ence of oxide of iron. It crystallizes in the form of 
rhombohedra, and has a specific gravity of 4*4. The follow- 
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ing analyses are representative of the composition of the 
two minerals : — 





Blei 
(1) 


[ide. 




Oaiamine. 


(2) 


(3) 


(4) 


Zinc . 


55-43 


50-24 


Zinc oxide . 


54-18 


57-19 


Lead . 


4-85 


3-79 


Ferric oxide 


8-92 


3-60 


Iron . 


2-79 


3-18 


Alumina 


2-84 


1-08 


Alumina . 


1-93 


4-84 


Lime . 


5-11 


2-79 


Sulphur . 


32-77 


30-04 


Magnesia . 


2-29 


4-38 


Silica 


2-01 


5-22 


Carbonic acid 


25-42 


29-25 


Lime . 


■ ■ • 


2-65 


Silica. . 


1-10 


1-63 


99-78 


99-96 


99-86 


99-92 



Properties of the Metal, — Zinc is a bluish-white metal of 
considerable lustre when newly polished. It melts at 412'^ C. 
and boils at 1040° C, giving off a vapour which ignites in 
contact with air, forming zinc oxide. In vacuo, according to 
Demarcay, the boiling-point of the metal is lowered con- 
siderably. The specific gravity varies from 6*86 to 7*21, 
according to the density, which is increased by hammering. 
Zinc has a specific heat of 0*094 and a tensile strength of 
7*54 tons per sq. inch. At 210° C. the metal becomes so 
brittle, that it is easily reduced to powder, the particles of 
which may be made to unite in a concrete mass, by the 
application of a pressure of 38 tons per sq. inch. Under 
similar conditions, the particles of lead require, for uniting, 
a pressure of 13 tons. 

Zinc is but little affected by the atmosphere ; the thin 
film of oxide first produced on exposure, does not increase, but 
forms a coating which protects the metal from any chemical 
action with atmospheric gases or moisture. 

The metal is readily sohible in acids, forming zinc salts 
with evolution of hydrogen, thus — 

Zn -h H2SO4 = ZnSO^ + Hg. 
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It is also soluble in alkaline solutions, forming a soluble 
compound of zinc and the alkali, and giving ofif hydrogen 
gas. 

To prepare a chemically'pure zinc from spelter, the latter 
is dissolved in sulphuric acid, and the impurities precipitated 
by sulphuretted hydrogen. After filtering ofif the insoluble 
sulphides, the filtrate is boiled to expel any remaining gas, 
the zinc being then precipitated as a white carbonate, by 
means of a solution of carbonate of soda. After washing the 
precipitate, and re-dissolving it in sulphuric acid, the metal 
is obtained by electrolysis; or the carbonate, after drying, 
may be converted by ignition into zinc oxide, which is 
further reduced to the metal, by distillation with pure 
charcoal. 

In commerce, zinc is known as spelter, the commercial 
article being always contaminated with small proportions of 
lead, iron, copper, and tin. Iron gives a certain hardness to 
the metal, but does not aflfect its tenacity ; on the other 
hand, the presence of even a half per cent, of lead lowers 
the retentive property considerably. Copper and arsenic 
render the metal brittle, and thus more difficult to roll into 
sheets. Zinc, from its lightness and durability, is used largely 
for roofing purposes, and in the lining of vessels, tubing, etc. 

As a coating for iron sheets, it is used extensively in the 
" galvanising " process. 

Alloys, — Zinc unites with certain metals forming alloys 
having a great value in the arts, and foremost among these 
may be placed the compound of zinc and copper, known as 
brass. In blending these two metals together, some of the 
most interesting shades of colour are produced, ranging from 
a reddish-yellow down to a shade approaching the colour of 
zinc. The former is seen in alloys containing over 80 per 
cent, of copper, and the latter when the percentage of that 
metal is less than 25. The percentage of zinc in ordinary 
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brass castings varies from 27 to 34, according to the purposes 
for which they are used. For brass wire about 29^ per cent, 
is used, the metals being alloyed with a little tin and lead. 

The following analysis may be taken as a type of the 
composition of brass wire : — 



Zinc 
Copper 
Tin . 
Lead 



29-26 

70-28 

0-20 

0-26 

Too^o 



In preparing the alloy for castings or wire, the copper is 
first melted in large plumbago crucibles, placed in a furnace, 
and the zinc then added gradually, in pieces, until the whole 
is melted and alloyed. After removing the crucible from 
the fire, and skimming the surface to remove the dross, 
the contents are poured into moulds for subsequent use. 
For small castings, requiring no great strength, scrap brass 
is generally melted with a little copper and zinc, to form the 
alloy. With higher proportions of zinc, copper alloys itself, 
forming the well-known Muntz metal. Delta metal, Sterro 
metal, and Aich metal. The two latter are very strong and 
elastic alloys, with a breaking strain of 85,080 lb. per sq. inch. 
They are very malleable at a red-heat, and can be hammered, 
rolled or drawn into wire ; they have been used in the manu- 
facture of English and foreign ordnance. Delta metal is very 
malleable and is used for a variety of purposes, while Muntz 
metal forms an excellent sheathing for wooden ships. 

The following analyses represent their composition(Eobferts- 
Austen) : — 





IN 100 PARTS. 








Zinc. 


Copper. 

60-00 
55-10 
55-33 
60-00 


Iron. 


Lend. 


Phosphorus. 


Muntz metal 
Delta metal 
Sterro metal 
Aich metal 


40-00 
43-47 
41-80 
38-12 


1-08 
4-66 
1-50 


0-37 

• ■ • 

• • ■ 


• • ■ 

0-10 

• • • 

• • • 



10 
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The various alloys known as " Bronze " and used in 
coinage and' art work contain but small proportions of zinc, 
the highest percentage being found in Chinese art bronze. 
British coinage contains about 1 per cent, of the metal. 

In conjunction with copper and nickel, zinc forms the 
well-known German silver, so largely used as a substitute for 
silver, and forming what is known as electro-plate. The 
percentage of zinc varies in the "silver," ranging from 18 to 
22, according to the use to which the particular alloy is to 
be put. An alloy of German silver with from 1 to 2 per 
cent, of tungsten, has high electrical resistance, is unaffected 
by moderate differences of temperature, and consequently is 
found of great use by electricians. 

Metalhirgy of the Metal. — Zinc is obtained from its oxide 
by a process of distillation, the reduction being effected by 
carbon, which unites with the oxygen, liberating the metal in 
a volatile state, thus — 

ZnO + C = Zn + CO. 
The reason why the metal is evolved in the gaseous state is 
due to the fact that the reduction of the oxide is only effected 
at a high temperature (1300° C), and, as zinc boils at a 
temperature considerably below this (1040" C), the liberated 
metal instantly becomes vaporised. In practical working, 
the blende and calamine (the ores principally used for 
extraction) first undergo a thorough roasting or calcining to 
drive off, in the case of blende, the sulphur, and, of calamine, 
the carbonic acid and mechanical moisture, the result being, 
in both instances, the formation of zinc oxide, thus — 

ZnS + 03 = ZnO + S02, 
ZnCOg = ZnO + COg. 
The roasting is effected in a reverberatory furnace 34 ft. long 

« 

and 9 ft. wide, provided with fire-place and bridge (Fig. 33, 
longitudinal elevation). The bed is divided into three parts, 
the lowest being conterminous to the bridge, and the highest 
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next to the flue. After the furnace has been heated suffi- 
ciently, a charge of crushed ore is placed on the highest part 
of the bed and stirred well. At the end of three hours, the 
half-calcined ore is raked to the next division, and ultimately 
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Fia. 33. — Roasting Furnace. Longitudinal Elevation. 

to the bridge end of the furnace, which practically completes 
the roasting. As each portion of the bed becomes empty, 
succeeding charges are worked down a step, thus giving a 
continual working to the roasting furnace. 

The reduction is carried out by the Belgian or Silesian 
processes, one or the other being adopted in all zinc works. 
The old English method of treating the calcined ores was by 
distillation in a covered earthen crucible, having its bottom 
connected with an iron pipe, which terminated over a vessel 
of water. The crucible was about 4 ft. high and 2 J ft. in 
diameter, and six of them were set in one furnace, each 
holding a charge of 5 cwt. ground and calcined ore, mixed 
with 3 cwt. powdered coke. On bringing the furnace to a 
red heat, the distillation commenced, the metallic vapours 
passing down and condensing in the pipe ; the first portion 
containing cadmium and arsenic, and technically known as 
the " brown blaze," from the brown fumes of cadmium oxide 
being collected apart. On the appearance of the " blue 
blaze," an indication that zinc vapours were passing over, the 
distillation was proceeded with until the ore had yielded fully 



148 LEAD AND ITS COMPOUNDS 

one-third of its weight in condensed metal. The zinc from 
the receiver and pipe was collected, remelted in an iron pot, 
skimmed to remove the dross, and then cast into cakes or 
ingots for the market. 

Belgian Process. — This process is used on the Continent 
and in this country, and consists in heating a mixture of 
calcined ore with non-caking coal, in a series of fire-clay 
retorts, each fitted with a bellied fire-clay nozzle, which acts 
as a condenser ; to the nozzle is attached a sheet-iron tube, 
for retaining any oxide or metal uncondensed in the nozzle. 
The retorts are placed in rows in a vertical arched chamber 
and heated by a fire-place, or with the gases of a producer 
furnace. They are made of a mixture of raw and hard- 
baked fire-clay with a little coal-dust thrown in, the whole 
being well ground and kneaded, thence pressed into steel 
moulds the size of the retort required. Before using in the 
retort chamber, they are heated gradually to redness for two 
days in a separate furnace, to prevent cracking. Each 
retort has a measurement of 4 ft. in length and 8 in. in 
diameter, and is capable of working a 2 5 -lb. charge of a 
mixture of equal weights of calcined ore and non-caking coal. 
The furnaces are usually built in pairs, back to back, each hold- 
ing 160 retorts. Figs. 34 and 35 represent the longitudinal 
vertical section and tr6,nsverse vertical section respectively 
of the Belgian zinc furnace, A A being the tiers of retorts, 
B B the nozzles or condensers, C C the sheet-iron tubes for 
collecting any zinc fume passing over during distillation ; D is 
a fire-place, and E E are the flues for carrying off the products 
of combustion to the chimney F. In working, the lower 
tiers of retorts are more heavily charged, or the ore used is of 
a more refractory nature than the upper, owing to the heat 
being greater, this difference of charging being necessary for 
the regular working of the furnace. The charge of ore and 
coal (25 lb. in the lower and 18 lb. in the upper tiers) is 
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placed in each retort, through the nozzle, by means of a 
scoop, and in a short time the blue flame of carbonic oxide is 
seen burning from the mouth. On this changing after a 




Fig. 34.-— Belgian Zinc Furnace. 

time to greenish-white — an indication that zinc vapours are 
distilling over — the sheet-iron tubes (C C) are aflBxed, and the 
distillation allowed to proceed for two hours. At the expiia- 
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tion of this period, the tubes are removed and cleanaed of the 
deposits of zIdc fume, which are used in the next charge, the 
condensed zinc iii a liquid form meanwhile heing withdrawn 
from the nozzles by lar^e iron ladles. When emptied, the 



Fio. 35. — Belgian Zinu Furnace. 

connections are remade and the distillation continued for 
another two hours, when the same cleansing of the tuhes and 
withdrawing of the molten zinc is repeated. This is continued 
during the twelve hours necessary to work off the charge. 
On finishing, the slag, containing 8 to 10 per cent, of 
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zinc, is removed for further treatmenfc, and the recharging 
with ore and flux commenced. The direct yield of metal 
from a charge worked by the Belgian process averages 57 to 
59 per cent, of the metal in the roasted ore, and each ton 
yielded requires a coal consumption of about oi tons. 

The crude metal, which on removal from the nozzles 
solidifies, requires to be remelted, the zinc and other metallic 
oxides skimmed off from the surface, and then cast into 
cakes or ingots, before being brought into commerce. 

Silesian Process. — By this process a charge of ore and 
flux is better worked, and leaves a slag containing less zinc 
than that removed from the Belgian furnaces, owing to the 
flat-bottomed arrangement of the muffles used, which enables 
them to be supported from end to end, and thus able to with- 
stand a higher temperature without collapsing — a result 
which yields a better distillation. 

The ores used are either blende or calamine, and are 
thoroughly roasted or calcined in a reverberatory furnace for 




Fig. 36. — Silesian Furnace. Section. 



twenty-four hours before smelting. In Fig. 36 a section is 
shown of the Silesian furnace. It is built of good fire-bricks, 



152 LEAD AND ITS COMPOUNDS 

and in a form nearly square, the sides being well clamped 
with rods. Generally, twenty-four muffles are arranged in each 
furnace, forming two rows of twelve muffles each, A A, which 
rest on brick platforms B B, slightly sloping from the centre, 
the whole being heated by a central fire-place C, running two- 
thirds of the furnace length. The muffles are moulded from 
good fire-clay, and then carefully annealed before using. 
They are D shaped, with a length of 3 ft., a width of 10 
in., and a height of 16 in. In working, the muffles are 
arranged in pairs, each pair being partly enclosed in a 
rectangular and arched compartment D D, formed of bricks 
and tiles, and their closed ends are placed nearest the fire. 
The main flues E E run under the bed of the furnace, and to 
which they are connected by suitable openings in the brick- 
work. After circulating round and thus heating the sides 
and top of each muffle, the spent gases by their downward 
passage also heat the under part, and thus a more complete 
distillation is effected than if the gases were carried off from 
the roof of each compartment. For condensing the zinc 
vapours, the muffles are provided with curved fire-clay tubes 
F F, having movable plates G G, and to which are attached 
cast-iron tubes for conveying the products of distillation, in 
the form of metallic zinc or any zinc oxide, mechanically 
carried over, to the chambers H H, below the furnace level. 
The residual matter in the muffles is raked through the 
openings 1 1, and the charging is carried on by removing the 
plates GG. In working, the front of each compartment is 
closed by a sheet-iron door J J, provided with an opening for 
observing the temperature of the furnace. 

A charge for each muffle runs about 95 lb., and consists 
of two-thirds calcined ore and zinc skimmings mixed with 
one-third finely powdered bituminous coal, and the working 
off of the charge is similar to that of the Belgian furnace. 

By either of the above processes, the direct yield of the 
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metal is low, and compares very unfavourably, with the 
metallurgical results obtained in the smelting of lead or iron 
ores. This is due to the peculiar metallurgy of zinc, which 
entails heavy deposits of the metal as oxide in the condensing 
parts of the furnace, and as silicate mainly, in the slags of 
the retorts, and which require, for reworking, a heavy expen- 
diture in labour and fuel. 

M. Gatellier, as the result of some experiments conducted 
at the works of the Vieille Montague Company, apportions 
these deposits as follows : — 

Charge in Retort 

4 kilos. Moresnet calamine of 53 per cent. = 2*12 kilos, zinc. 
4 „ Spanish calamine of 51 „ =2*04 „ 
2 „ calamine " sweep " of 42 J „ = 0*85 „ 

Total zinc charged = 5*01 kilos. 

Products of Reduction. 

Metallic zinc .2*915 kilos. 

0*725 kilo, fume . containing 94^ per cent. = 0*685 kilos, zinc. 
0-9 kilo, "crusts," 0*6 kilo. „ 76 „ =0*456 

0*3 „ „ 91 „ =0*273 

7*08 kilos, "residues" „ ^ „ =0*618 

Zinc incrustating tube (pipe metal) . . . =0*060 

Loss of zinc in atmosphere as zinc oxide . . =0*003 



Total zinc accounted for = 5 '010 kilos. 

According to these results, over 41 per cent, of the original 
charge of zinc is reproduced in a non-metallic form, and 
requires to be again reduced with carbonaceous matter to 
recover the metal. This is usually accomplished by mixing 
a fresh charge of calcined ore with the residues of the pre- 
vious distillation, and, after adding the necessary proportion 
of reducing agent (coal in a finely divided condition), the 
whole, after mixing, is charged into, and then reduced, in the 
retorts of the Belgian or the muffles of the Silesian furnace. 
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Fry (English patent, 1898) prefers to convert the whole 
of the zinc in the residues into oxide, as a more economical 
way of treatment. For this purpose they are mixed with 10 
to 20 per cent, powdered coal, and then charged into a 
Siemens regenerative gas furnace, the hearth or bottom 
being composed of a neutral or basic material capable of 
withstanding the action of basic slag. The gas and air ports 
of the furnace, and also the valves, regenerators, flues, etc., 
are of a specially large size, in order to prevent choking, and 
to deal with the increased volume of fumes, over and above 
that from the combustion of the gases produced from the coal 
used for heating purposes. The charge is melted down at a 
temperature of 2000° to 2500° F. ( = 1093" to 1371° C), the 
bulk of the zinc being eliminated during' the melting period, 
passing off in the form of white oxide, and condensed in large 
chambers. After the charge has become molten, it is well 
stirred, to promote the separation of the last portions of zinc, 
the end being seen in the cessation of the dense fumes of 
zinc oxide. The condensed oxide can either be used as a 
pigment, or may be reduced to metallic zinc. 

The costly and complicated methods of zinc extraction 
have been an inducement to metallurgists to devise a more 
economical process, whereby the direct yield of the metal 
may be increased, with a reduction in the heavy outlay for 
labour and fuel. Their labours have been mainly centred in 
the application of the blast furnace for the treatment of zinc 
ores ; but the results have not up to the present been a 
commercial success. The difficulty in using the blast furnace 
is due to the presence of carbonic acid in the gases of com- 
bustion, which, coming into contact with the volatilised zinc 
vapours, reproduces the zinc oxide, passing as such into the 
condensers, thus — 

Zn + CO2 = ZnO + GO ; 
and so powerful is this action, that, according to the researches 
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of Lencauchez, the presence of even a half per cent, of carbonic 
acid in the products of combustion would be suflBcient to 
oxidise the metal. 

If it were possible to burn the fuel in the blast furnace 
into carbonate oxide, by withholding a portion of the oxygen 
in the blast, or if it were feasible, by any other means, to 
provide an atmosphere of this gas in the furnace, the 
problem would be solved, for carbonic oxide has no action on 
zinc vapours at a high temperature, which consequently 
would pass over unoxidised. • 

Steger (English patent, 1888) considers that this end 
can be attained by heating the blast up to 1200° C, when 
only a trace of carbonic acid is formed with the carbonic 
oxide. He recommends the blast furnace to be horizontal 
instead of vertical, the charge of ore and fuel being made 
from a hopper above, and the whole brought to a full red 
heat by a blast heated to 1200° C. Eeduction then ensues 
in an atmosphere of carbonic oxide, the metallic vapours 
being unaffected. 

Walsh (English patent, 1889) converts the carbonic acid 
in the combustion gases into carbonic oxide, by passing them 
over carbon heated in a separate chamber to a temperature of 
1400° to 1500° F. ( = 760° to 815° C), and the zinc vapours, 
being unchanged by the latter gas, pass over into a condenser 
built of two parallel and horizontal pipes, joined together by 
vertical tubes, the condenser being kept at a temperature a 
little above the melting-point of zinc. 

Clere (English patent, 1889) again uses a cold mixture 
of the roasted ore and charcoal, impinging on the mixture a 
blast having a temperature nearly equal to the melting-point 
of iron. This action volatilises the zinc in an atmosphere of 
carbonic oxide, the vapours of the metal condensing as a fine 
dust. 

The complex sulphide ores of the Broken Hill type, are 
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treated by Swinburne and Ashcroft (English patent, 1899) by 
heating in a converter a mixture of crushed ore and fused 
zinc chloride, in the form of a cream. At the bottom of the 
converter is connected a pipe, through which chlorine gas is 
driven into the mass, the gas being rapidly absorbed by the 
metals, with evolution of sulphurous acid. The temperature 
is now raised so as to volatilise the formed zinc chloride, 
which is condensed and treated for the metal. 

EUershausen (English patent, 1900) first subjects the 
raw ore ta a metallurgical treatment, and afterwards sepa- 
rates the zinc electrolytically from a solution of the fume. 
He smelts the ore in a blast furnace, using lime as a fiux, 
the fume and gases emitted therefrom being forced by a fan 
under a layer of water in a condenser. The sulphurous acid 
acting with the water dissolves out the zinc oxide, and from 
this solution the metal is recovered by electrolysis. 

Wet Methods of Zinc Extraction. 

Great attention has been paid by metallurgists to pro- 
fitably using a wet method (either by precipitation or elec- 
trolysis) for treating zinc ores, and more especially that class 
known as mixed sulphides, containing 10 to 20 per cent, of 
the metal, along with varying proportions of copper, iron, and 
lead sulphides, whose treatment constitute one of the most 
intricate problems connected with the metallurgy of zinc. 

By Precipitation, — At Leadville, U.S.A., the precipitation 
method is carried out on complex ores, by roasting them to 
sulphates, and, after lixiviation with boiling water to dissolve 
out the soluble salts, the filtered solution is treated with lime 
to precipitate the zinc as oxide, which is subsequently dried 
and then distilled with powdered coal to recover the metal. 

Maxwell Lyte (English patent, 1887), after calcining the 
ore, treats it with hot dilute hydrochloric acid, which forms 
chlorides with all the metals present. On cooling, the lead 
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chloride crystallizes out, leaving a supernatant liquor contain- 
ing the soluble chlorides of iron, copper, and zinc ; the first is 
separated by treating the solution with limestone, which 
precipitates the iron as carbonate; on filtering and adding 
scrap iron, the copper salt is reduced to the metal, which 
deposits itself on the iron, while the zinc is removed as 
oxide, on treating the solution further with calcium hydrate. 
On drying and mixing the zinc oxide with carbonaceous 
matter, the metal is obtained by distillation. 

It has been proposed to treat zinc ores by means of poly- 
sulphates of the alkalies. Finding that sulphuric acid is the 
active reagent in this action, Abel (English patent, 1899) 
treats the ore direct with the acid. The crushed ore is 
placed in a pan heated from below, and which is arranged in 
connection with a muffle furnace. On adding the acid, the 
sulphur is converted into sulphurous acid, which passes off 
together with the muffle gases. The mass remains in the 
pan until it has assumed a pasty condition,, whereupon it is 
pushed over into the muffle, spread out, and then allowed to 
remain with frequent stirring until the development of gas 
ceases. The melt is now lixiviated with water, which dissolves 
out the soluble zinc sulphate along with other soluble 
sulphates, and, from the clear solution, the zinc is precipitated 
as oxide. In the gangue, the whole of the lead is found as 
sulphate, and is treated metallurgically, for recovery of the 
metal. 

Davis Brothers, in their treatment of zinc ores, more 
especially those of the type of mixed sulphides, propose the 
use of nitric acid as a solvent (English patent, 1900). The 
operation is carried on in stone or earthenware vessels, 
provision being made for charging, and discharging and for 
heating and agitating, the contents of each vessel. On 
heating, the crushed ore is rapidly attacked by the nitric 
acid, which dissolves most of the metallic constituents as 
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nitrates, leaving an undissolved residue of silica, sulphur, and 
lead sulphate. Any gold and silver are also found in the 
residue, and, to ensure the complete precipitation of the 
latter, a small quantity of hydrochloric acid is added during 
the solution of the ore. The contents from each vessel 
are now discharged, and the solid residue separated and 
washed. In the solution a portion of the lead exists as 
nitrate, along with the nitrates of zinc and iron, and to it is 
added oxide of zinc, which precipitates the iron as hydrate, 
and other impurities, behaving in the same manner towards 
oxide of zinc. After separation of the iron precipitate, the 
solution is treated with a further quantity of oxide of zinc, 
and, while still warm, carbonic acid is blown through it. 
This affects the separation of the lead as carbonate, and the 
added zinc oxide goes into solution, which is now practically 
a solution of nitrate of zinc. After concentration to a 
specific gravity of 1*5, the liquor is run into a suitable 
furnace, and heated to dryness, the zinc nitrate being con- 
verted to zinc oxide, which remains behind. The gaseous 
products drawn away, are collected for oxidation and recovery 
of the nitric acid, to be used again. In the solid residue 
resulting from the treatment of the ore, are found the lead, 
silver, and gold, and is specially treated for the recovery of 
these metals. 

By Electrolysis, — With the advent of less costly ap- 
pliances and the discovery of a cheaper source of electrical 
power, the commercial development of the many efforts made 
to profitably extract zinc from its solution, by electrolysis, 
will be assured. Before applying the electrica;l force, the 
zinc in the ore requires to be brought to a form by which it 
becomes soluble in water, and, for this purpose, Cassel and 
Kjellin roasted a Swedish blende to produce a maximum 
yield of zinc sulphate, which, being soluble, was washed out 
of the roasted mass. 
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The electrolysing vessel used for the decomposition of 
the zinc salt has a porous partition ; and around an iron 
anode, is placed a solution of iron sulphate, while the solution 
of the zinc salt surrounds the cathode. On passing the 
current through, metallic zinc is deposited from the latter 
solution, while its equivalent quantity of sulphuric acid is 
separated at the iron anode and dissolves it to sulphate. 
The electromotric force of decomposition, under the circum- 
stances, is the difference between that required to decompose 
the zinc sulphate, and that of the iron sulphate, or about 
Jrd of a volt, thus allowing for the separation of the zinc 
without decomposing the water of the solution. 

Heinzerling (English patent, 1898) roasts the zinc ores 
completely to oxide, which is dissolved in a concentrated 
solution of magnesium chloride. This solution is then elec- 
trolysed, the zinc separating out, while the dissolving agent 
can be used over again. For decomposition a current of 200 
amperes per square metre is used, the solution during the 
passage being kept at a low temperature. 

Cowper-Coles (English patent, 1898) in his process of 
treating mixed sulphides, first crushes the ore and then 
sieves it through a fine mesh ; it is then roasted so as to 
convert the sulphides present, into sulphates and oxides. 
The roasted mass is afterwards placed in a reciprocating or 
revolving screen, the fine dust being withdrawn by the 
exhaust of a centrifugal fan, directly into the leaching vat, 
containing a weak solution of sulphuric acid (1 oz. sulphuric 
acid to 1 gallon water), which dissolves out the metal or metals 
as sulphates. The remainder in the screen is placed in a 
second leaching vat, having a false bottom covered with 
filtering cloth, and treated with a weak solution of the acid, 
which combines with the zinc and copper to form sulphates. 
The clear solution is drawn off from beneath the vat, and 
added to that from tlie leaching of the dust from the screen, 
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the whole being passed through a body or bed of iron and 
carbon, on which the copper is deposited in the metallic 
state, and may be recovered as a fine powder, by washing. 
After the zinc sulphate solution is freed from the copper, 
it is then passed through the electrolysing cells, through 
which the electrolyte is circulated. In these cells are 
vertically revolving cast-iron discs, serving as cathodes ; 
lead plates being employed for the anodes. The iron discs 
are slowly rotated, and are provided with fillets of wood, 
which can be detached to allow of the removal of the 
deposited zinc in the form of segments, when the metal has 
attained the highest degree of thickness. The current 
density employed varies from 15 to 20 amperes; a con- 
venient voltage at the terminals of the electric generator 
being from 100 to 150 volts, the voltage at the terminals 
of the cells varying from 1 to 2 volts. 

The lead remaining in the residue is leached out by 
means of a solution of caustic soda, and from the clear 
solution the metal can be recovered by precipitation. After 
the caustic soda solution has been used a number of times 
for leaching out the lead, it becomes partly converted into 
silicate ; on adding lime, however, to the solution, caustic soda 
is again formed. 

The silver and gold present in the residue after removal 
of the lead are extracted by a weak solution of potassium 
cyanide, and further treated for the recovery of the precious 
metals. 

Professor Kichards (1895), experimenting on a method of 
refining very impure spelter, says that a metal of unexcep- 
tional purity can be obtained by dissolving the impure 
spelter in a bath of sulphuric acid, and using an electrical 
current of 100 amperes per square metre at 1*3 volts 
tension, keeping the solution well agitated by suitable 
mechanical means. He prevents the accumulation of iron in 
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the solution by blowing air through it continually, which 
oxidises and precipitates the iron as basic sulphate, which 
can be separated by filtration. 

Flue Dust 

In the roasting of sulphide ores, a considerable accumu- 
lation of fine dust consisting of sulphides and sulphates of 
zinc, lead, silver, etc., and, on removal, it is generally mixed 
with a charge of roasted ore and smelted. 

Threlfall (English patent, 1898) treats the dust with a 

solution of acid sodium sulphate, which dissolves out the 

zinc as sulphate, leaving the lead and silver unaffected. 

From the solution, the metal is recovered by precipitation, as 

oxide, and then reduction with carbonaceous matter in a 

retort or mufHe, or by electrolysis, while the residue can be 

treated by a dry or wet method to obtain the lead and 

silver. 

Sheet Zinc, 

Since the discovery that zinc, when heated from 100° C. to 
130** C, loses its brittleness, and becomes malleable, and thus 
capable of being rolled into sheets, a great impetus has been 
given to its use in roofing, guttering, and for cisterns, baths, 
and other purposes, owing to its lightness and durability 
when exposed to air and moisture. For although sheets of 
zinc so exposed, quickly absorb oxygen and carbonic acid, the 
film of oxide and carbonate so produced, acts like an anti- 
corrosive paint, in preventing any further corrosion of the 
metal beneath. 

In preparing the spelter for rolling, it is necessary to 
bring down the lead present to not more than a half per cent. : 
for this purpose, the ingots are melted on the hearth of a 
reverberatory furnace, and the lead separated by liquation. 
The molten zinc is cast into ingots, which are subsequently 
heated by the waste gases of the reverberatory furnace to a 
II 
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temperature not above ISO'^C, and are then passed through a 
rolling mill to the thinness required. On cooling, the rolled 
sheet retains its malleability. At a temperature of 200° C. 
the metal becomes so brittle, that it may be reduced to a 
fine powder by pounding in a mortar, and in this form has 
been used as a metallic paint for protecting iron. The zinc 
pigment known as " grey oxide " is practically the metal in a 
very fine state of division. 

Salts of Zinc, 

In addition to the native sulphide and carbonate, used 
metallurgically, the metal unites with other elements forming 
the chloride (ZnClg), selenide (ZnSe), telluride (ZnTe), 
cyanide (Zn(CN)2), bromide (ZnBr2), oxide (ZnO), sulphate 
(ZnSOJ, silicate (Zn2Si04), and chromate (ZnCrO^). 

Zinc also forms, artificially, a white sulphide, by precipita- 
tion with an alkaline sulphide, and double salts in conjunction 
with cobaltic, nitrate or chloride and ammonium chloride. 

Of these compounds, only the double salts, chromate, 
sulphate, chloride, artificial sulphide, silicate, and oxide, have 
any practical use in the arts. 

Zinc-cohaltic Protoodde. — This compound is known as a 
green pigment, under the names of zinc green and Rinmann's 
green. It is prepared by precipitating a solution of cobaltic 
chloride, containing 10 per cent, of the salt, with sodium 
phosphate, well washing the precipitate formed, and then 
mixing it with about three times its weight of zinc white (ZnO). 

After drying in a stove, the mixture is calcined. 

Wagner gives the composition of a zinc green, made in 
this manner, as follows : — 

Zinc oxide 71*68 

Phosphoric oxide . . . . . .8*29 

Cobaltic protoxide 18-93 

99-90 
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Another method, but less satisfactory, is by precipitating 
a mixture of zinc sulphate and cobaltic nitrate, with sodium 
carbonate, and, after well washing, the green precipitate formed 
is calcined. The green pigment prepared in this way, is 
known as Einmann's green. 

AmmmiiO'chloride of Zinc, — This double salt is formed 
by dissolving sixty-eight parts of zinc chloride and fifty-four 
parts of ammonium chloride in water, and then evaporating 
to the crystallizing point. Owing to its power of dissolving 
oxides of copper and iron, it is used largely in " tinning " or 
" zincing " these metals. 

Zinc Chromate, — Known as zinc yellow or buttercup 
yellow, this compound forms a beautiful and stable yellow 
pigment. It is produced by dissolving zinc sulphate in hot 
water, and then adding a solution of potassium chromajbe. 
The yellow precipitate when washed and dried has the 
following composition, according to Wagner : — 

Chromic oxide . . . . . .14*94 

Zinc oxide . . . . . . .75*35 

Carbonic acid . . . . .3*61 

Water 6*19 



100*09 



Zinc Sulphate, — The " white vitriol " of commerce is a 
sulphate of zinc, having the composition, when pure, of — 

Zinc sulphate . . . . . .56*09 

Water of crystallization . . . .43*91 



100*00 



On the large scale, it is made by roasting zinc blende 
completely to zinc sulphate, in a reverberatory furnace, and 
then lixiviating the mass in water to dissolve out the soluble 
salt. After filtration, the liquor is evaporated down, when 
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the salt crystallizes out in the form of rhombic prisms. Zinc 
sulphate is used not only in dyeing and calico-printing, but 
also in the manufacture of varnishes and drying oils for 
painting. 

Zinc Chloride, — In the anhydrous state, this compound is 
a greyish wax-like substance, to which the name of " butter 
of zinc " was given by Hellot, who prepared it by distilling 
zinc oxide with ammonium chloride. Pott also, obtained the 
same body, by distilling zinc with corrosive sublimate, and 
Persoz, by heating dehydrated zinc sulphate, with calcium 
chloride, thus — 

ZnSO^ + CaClg = ZnClg + CaSO,, 

For commercial purposes, it is made by dissolving scrap 
zinc in hydrochloric acid, in large stone or wooden cisterns, 
provided with a steam coil. On heating to 50° C, the zinc is 
rapidly dissolved, and then a small quantity of bleaching 
powder added to precipitate the iron present, and the liquor 
is then allowed to settle. 

The clear zinc chloride solution, after syphoning off, is 
boiled down in enamelled iron pots, a little potassium 
chlorate being added to oxidise any organic matter, and also 
some pure hydrochloric acid to dissolve any basic salt formed. 
On solidifying, it is packed, while still warm, in iron drums 
for the market. 

A solution of zinc chloride is a powerful disinfectant and 
deodourant. For preserving timber, Sir William Burnett 
patented its use, in the proportion of 1 lb. of salt to 5 gallons 
of water. It is also well known as an agent for weighting 
cotton goods. When zinc chloride solution of 1'7 specific 
gravity is mixed with excess of zinc oxide, a very durable 
pigment, known as zinc oxychloride, ZnClg . 3ZnO . 4H2O, 
is formed, which is unaffected by sulphuretted hydrogen 
gas. 

Artijicial Zinc Sulphide. — This product, known as 
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lithophone, is a white pigment, produced by adding sodium 
sulphide to a solution of zinc sulphate or chloride, thus — 

(1) ZnSO^ + NagS = ZnS + NagSO^. 

(2) ZnClg + NagS = ZnS + 2NaCl. 

On washing out the soluble soda salts, the precipitate 
remains as a white amorphous powder, soluble in dilute 
mineral acids, but insoluble in acetic acid. 

The composition is as follows : — 

Zinc 67*01 

Sulphur 32-99 

100-00 

On a large scale, it is prepared by taking sodium sulphate 
or salt cake, and mixing it with half its weight of bituminous 
coal, the mixture being fluxed in the ordinary black ash 
furnace, till yellow fumes are developed. The resulting cakes 
of black sodium sulphide are porous, and easily lixiviated in 
tanks provided with steam pipes, and heated to about 200° F., 
so as to get a strength of 25° Twaddell. On settling, the clear 
liquor, which consists principally of sodium sulphide mixed with 
some sodium bisulphide and carbonate, but free from iron, is 
treated with a solution of zinc sulphate or chloride, until 
hydrated zinc sulphide, mixed with some free sulphur, is 
precipitated, and towards the end of the operation a small 
proportion of zinc carbonate also falls down. The precipitate 
is thoroughly washed, dried, and then ignited in gas retorts 
or muffles, till the bluish-yellow flame due to the sulphur 
disappears, when the product is withdrawn into water, 
forming a white powder, which, on drying, forms the pigment 
of commerce. Zinc sulphide is a very white compound, but 
possesses little covering power. It is used alone, or some- 
times with zinc oxide. The patent " zinc white " of 
Griffith's, is a zinc sulphide, formed by precipitating the 
sulphide from the sulphate, by means of a soluble sulphide, 
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then washing, drying, and calcining the white precipitate, 
after which it is levigated, ground, and dried for packing, or 
mixed with oil. Zinc sulphide also enters into the composition 
of the well-known brands " Charlton white " and " Duresco," 
the two being a mixture of zinc sulphide with barium and 
strontium sulphates. 

ZiTvc Silicate, — This compound of zinc is used as a 
pigment in conjunction with the oxide and sulphide. It is a 
very white product, but has no body. On a large scale, it is 
prepared by dissolving water-glass in hot water, and adding 
a solution of zinc sulphate. The precipitate is then washed 
and dried. 

ZiTic Oxide. — Zinc, when heated to a temperature slightly 
above its melting-point, burns with a bluish-white flame, 
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Fig. 37. — Oxidising Furnace. 

forming a dense white smoke, which, on condensation, yields 
a white amorphous powder, known as " flowers of zinc " ; this 
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oxide is decomposed by carbon, carbonic oxide, or hydrogen, 
with the formation of metallic zinc, thus — 

(1) 2ZnO + C =2Zn + C02. 

(2) ZnO + CO= Zn + COg.- 

(3) ZnO + Hg = Zn + HgO. 

Zinc oxide is readily soluble in mineral acids, and with 
boracic acid it forms a readily fusible compound. It is the 
most important pigment of the zinc compounds, and is 
prepared on a large scale by burning zinc to a vapour, which, 
on coming in contact with a current of air, is oxidised to 
a white powder. The oxidising furnace is a brick structure, 
lined internally with fire-bricks and well tied together with 
tie-rods. Fig. 37 is an elevation, A representing the charging 




Fig. 38.— Blower. 



door, B an upper sliding door, and C the chimney for carrying 
off the zinc oxide vapours. At the back of the furnace are 
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placed the tuyeres for supplying the blast to the furnace. On 
the charge melting and then volatilising, white vapours of 
zinc oxide rapidly form, and are drawn through the chimney 
to a main pipe some 3 ft. in diameter, which is connected 
at one end with a powerful blower (Fig. 38). From thence 
they are forced through a second pipe of similar diameter to 
a lofty chamber called the bag-room ; the pipe being carried 
the length of the building and suspended from the rafters. 
Some 4 ft. apart, and connected by nipples to the pipe, a 
number of muslin bags, 30 ft. long and 1 ft. wide, are sus- 
pended (A, Fig. 39); these, again, are connected with a large 
bag (B) running horizontally the length of the building, 
and underneath this' are fixed a number of " teats " or bags 
(C) for collecting the white oxide. At the end of each 
charge, of which there are six daily, the blower is stopped, 
and the bags, previously blown out with the pressure, 
collapse, and are then well shaken, causing the zinc oxide 
to settle down into the " teats," which are removed, emptied 
of their contents, and then made ready for the next charge. 
The white pigment is now passed through revolving sieves 
of a very fine mesh, to remove any gritty matter, and then 
packed for the market. 

As described above, the manufacture of zinc oxide requires 
the reduction of the ore to the metal in the first instance, and 
then the reoxidation of the metal to zinc oxide, before the 
white pigment is obtained. In carrying out these processes, 
the erection of a costly plant, along with a subsequent heavy 
outlay in coal, labour, and repairs, is necessary to accom- 
plish the work. 

Many attempts have been made to simplify the procedure 
by dispensing entirely with the reduction to the metal, and 
obtaining the pigment direct from the ore, but hitherto with 
little success, owing to the want of brilliancy in the pigment 
produced. 
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Fig. 89. — Bag- room. Section. 
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Mr. George Darlington, who has devoted much time to 
the production of a good white by the direct process, says 
that a marketable zinc oxide can be made by burning the ore 
in a furnace, constructed similar to the ordinary coke oven, 
the crown being semicircular and built of 9 in. brickwork. 
The bed of the furnace is slightly rectangular, and comprises 
the bed proper, along with a fire-place, the two occupying an 
area of 30 sq. ft. The bed proper is a grate of perforated 
iron bars or plates lying over a closed ashpit, in which the 
air is forced by a fan-blast. In the crown, there is an 
opening through which the zine oxide, as well as the products 
of combustion from the fuel used in the furnace, are conveyed 
away into the cooling flues, and from thence pass into the 
bag-collecting rooms. The furnace is provided with only one 
door, 2 ft. long and 18 in. high, which serves for charging 
both the fuel and the 'ore. 

For the production of a white pigment direct from the 
ore, Rigg (English patent, 1898) roasts the ore completely to 
oxide; the roasted mass is leached with a solution of am- 
monium carbonate, or a mixture of ammonium carbonate and 
ammonium hydrate, which dissolves out the zinc. After 
allowing the insoluble matter to subside, the clear liquor is 
treated with a small proportion of hydrated oxide of tin, 
which precipitates any iron present ; on filtering, any copper 
present in the filtrate, is removed by deposition on zinc 
plates placed in the liquor. On removal of the copper, the 
liquor is treated to a current of carbonic acid, which precipi- 
tates the zinc as carbonate, and from this the pure oxide is 
obtained by heating the precipitate. 

Zinc white, also called Chinese white, is much inferior to 
Dutch white lead, as regards body and covering power ; the 
balance in favour of the latter is as 11 to 7, or, as painters 
express it, three coats of white lead are equal to five coats zinc 
white. It saponifies with linseed oil, forming a true soap of 
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zinc, but this compound has a tendency to wash off from 
exposed surfaces, covered with it. When used, however, in 
conjunction with white lead, it is found eminently useful, 
from its superior whiteness and delicacy, for all inside work. 
For this purpose, the ground is laid on with white lead, and 
the surface is then produced in zinc white, which yields a 
richness and beauty one cannot fail to admire. 

The drying qualities of zinc oxide vary according to the 
care in its manufacture, but even the best grades show an 
inferiority when compared with white lead. This deficiency 
is due to the excessive fineness and crystalline character of 
its particles. 

When zinc oxide is prepared at a low temperature, its 
crystalline texture undergoes a partial change, and it 
is then found that the drying qualities of the pigment 
have increased; on the other hand, when produced at a 
temperature considerably higher than the boiling-point of 
zinc, the crystalline nature is developed, and consequently 
the drying power of the pigment diminishes. Zinc oxide 
enters into the composition of all mixed paints, and, 
when ground with double its weight of red lead in linseed 
oil, it forms an efifective anti-corrosive and anti-fouling 
paint. 

In the production of the pigment, 85 per cent, of the 
produce is used directly in the manufacture of paints, and 
the remaining 15 per cent, in the floor-cloth, wall-paper, 
rubber, earthenware, etc., industries. 

The following " mixings " show the proportion of zinc 
oxide used in some paints : — 

No. 1 Mixing. 

250 lb. corroded lead (Dutch white lead), 
170 „ zinc oxide, 
14| gallons linseed oil. 
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No. 2 Mixing. 

60 lb. lead sulphate, 
60 „ zinc oxide, 
380 „ barytes, 
16 gallons linseed oil. 

No. 3 Mixing. 

100 lb. corroded lead (Dutch white lead), 
300 „ lead sulphate, 
100 „ zinc oxide, 
14 gallons linseed oil. 

When ground alone, zinc oxide requires 22 per cent, by 
weight of oil. 

As a siccative for zinc white, linseed oil boiled with 
litharge would not be suitable, owing to the latter blackening 
in presence of sulphuretted hydrogen. For this reason, other 
substances are used, as borate, acetate, and sulphate of 
manganese, sulphate of zinc, etc. 

The following are some siccatives in use : — 

(1) Mix together 10 parts each of acetate of manganese, 
sulphate of manganese, and sulphate of zinc, with 14f parts 
zinc white. In using, add 2 to 3 per cent, of the siccative to 
the zinc white oil paint. 

(2) Sirel's siccative is made by intimately mixing 
manganese subchloride with 19 per cent, of zinc white or 
barium sulphate, 2 per cent, of this mixture being added to 
the zinc white paint. 

Zinc oxide is used in preparing the composition known as 
white ink, used for writing on dark -coloured paper, the 
ink being made by saturating zinc white with water and 
adding mucilage of acacia to thicken the mixture. Before 
using, the ink requires to be shaken, as the pigment partially 
settles to the bottom on standing. 
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Zinc oxide is also used in the preparation of some anti- 
foulirtg and anti-corrosive compositions, as seen in the following 
recipes : — 

1. Anti-fouling Composition, 



Zinc oxide .... 


112 lb. 


Zinc sulphide 


. 28 „ 


Barytes .... 


28 „ 


Boiled linseed oil foots 


4 „ 


Naphtha .... 


128 „/ ^ \b, 
10 „ J 


Rosin ..... 


Gum 


Calomel .... 


47 „ 


A and B are varnishes ; 




A being a mixture of naphtha 


L and rosin, 


B „ „ 


with gum. 


In working, the whole ingredients are mixed together, 


and then passed through the stones. 





2. Anti-corrosive Composition. 

The same ingredients as above, excepting the use of 
calomel. 

From a sanitary standpoint, the use of zinc oxide as a 
paint is to be commended. It is, unlike white lead, non- 
poisonous, and, when taken internally, even in considerable 
doses, produces no greater inconvenience than an irritation 
of the throat and nostrils, and, after a time, a slight soreness 
in the joints. 



CHAPTER XIII. 

Pumice-Stone — China-Clay. 

All painters know the value of good pumice - stone ; a 
description, therefore, of its occurrence and method of pre- 
paration for the market will not be inappropriate. Pumice, 
chemically, is a silicate of alumina, potash, and soda, with 
minor proportions of lime and oxide of iron. The following 
analysis represents the composition of a good sample : — 



Silica 


. 73-70 


Alumina . " . 


. 12-27 


Potash 


. 4-73 


Soda 


. 4-52 


Ferric oxide . . . . . 


. 2-31 


Tiime, water, etc 


. 2-47 



100-00 



Pumice is a lava, rendered light and scoriaceous by the 
escape of gases, and is found principally in the island of 
Lipari, Italy. Most of the volcanoes of Lipari have ejected 
pumaceous rocks at some period or other, but the best stone, 
according to Mr. N. Douglass, in his Eeport to the Foreign 
OfiBce, is the product of Monte Chirica, with its accessory 
craters, Monte Pelato and Forgia Vecchia, situated in the 
north-west of the island. These deposits (Mr. Douglass says) 
cover an area of 3 square miles, and in some instances 
have a thickness of 5 yards, the pumice being excavated 
by means of tunnels or galleries dug into the layers of 
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volcanic ashes that have gradually covered the stone, which 
is brought to the surface in large blocks or in baskets, and 
thence sent to the town of Lipari, where it is stored by the 
merchants in sheds to get thoroughly dry, which not only 
reduces the weight, but also enables an estimate to be made 
of the quality. The blocks, weighing 15 lb. and upwards, 
are separated, and allowed to crumble into so-called " lesconi," 
and then all is sorted according to its size into (1) large 
(grosse), (2) medium (correnti), and (3) small (pezzame). 
The quality is primarily a matter of texture. As pumice 
is used for polishing purposes, an essential condition is 
homogeneity of structure and freedom from included crystals ; 
the stone must not be too brittle or too hard, and it is in 
these respects that the Lipari pumice surpasses that of other 
volcanic regions. 

After it has been divided according to its size, the large 
stones, known as "grosse," are again sorted into three 
superior qualities, called (1) flore, (2) quasi-flore, and 
(3) mordenti. These are never filed. After they have been 
selected, the remainder of the " grosse " are filed by hand in 
order to remove asperities of surface and to see whether the 
stone is not too friable for use. They are then re-classed 
into firsts, seconds, and thirds, and designated respectively, 
" bianche," " dubbrose," and " nere." 

In the first classification of the stone, the medium or 
" correnti " quality of stone is exported without further 
sorting, while the small or " pezzame " quality is usually 
ground to a powder of more than ten different degrees of 
fineness, according to the work for which it is required. 

Besides these, there is an entirely different variety called 
" alessandrina," which is cut with hatchets into brick-shaped 
pieces and used for smoothing oilcloth, and also a dark 
heavy stone, which is trimmed and known as " bastardone." 

The annual production is about 18,000 tons, and the 
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workmen employed being about a thousand in number, of 
whom six hundred are miners. In the factories of Lipari, 
over three hundred workpeople, a large proportion being 
females, are engaged in sorting and cleaning for the market, 
the raw pumice-stone from the mines. The price ranges from 
£2 to £12 per ton, but very fine qualities will bring from 
£60 to £70 per ton. 

White Minerals used as Pigments. 

For cheapness solely, certain minerals, more or less of a 
white colour, such as barytes, china-clay, prepared English 
chalk in the form of whiting, and Paris white, silica, and 
ground marble, are largely used, in a finely divided condition, 
in the mixings of the paint manufacturer. They possess no 
covering power when ground with oil, and do not add any 
durability to the paint produced. 

Barytes. — This product, known also as permanent white 
and heavy spar, is chemically a sulphate of barium. It is 
found in a crystalline form in the cracks and fissures of the 
lead-bearing rocks of Derbyshire, Flintshire, Cumberland, 
and Yorkshire in England, and in Germany, Belgium, Spain, 
and other countries. The raw material when mined is 
found frequently stained with oxide of iron, and thus requires 
to be bleached before drying and grinding for the market. 
For this purpose, the barytes is crushed to a coarse powder, 
and treated with dilute sulphuric acid in lead-lined vats, the 
contents being brought to the boil by steam passing through 
an inside perforated coil. The acid dissolves out th« whole 
of the oxide of iron, leaving a white barytes, which, after 
washing, is removed to the drying floors, to be dried pre- 
paratory to grinding. 

When the mineral is free from any discolouring oxide, 
the bleaching process is omitted, the barytes being simply 
washed and picked to remove any rock, and then dried on 
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a tiled floor, heated by flues underneath (see " China-Clay "). 
The dried product is then crushed to a coarse powder by 
rollers, and thence carried by an endless band to a double 
set of millstones, the final passage through, yielding a 
powder of great fineness, and ready for the market. Having 
little opacity, barytes cannot be used by itself, but only when 
mixed with white lead, and, when added to the latter, it must 
be regarded as an adulteration. Several mixtures of barytes 
and white lead are manufactured and known in commerce 
as — 

Venice White . \]^^^ ^"^l^' , 

[ 1 part white lead. 

Hamburg White . \ ^ ^^"^ ^'y^' 

{ 1 part zmc whit 



Dutch White . I 3 parts barytes, 



part zinc white, 
parts barytes, 
part white lead. 



Barytes is also employed in the manufacture of jasper- 
ware, and for the formation of white figures, etc., on coloured 
jars and vessels. 

China-Clay. — Washed china-clay or kaolin is used as a 
cheap filling in the fabrication of many white and coloured paints. 

Chemically, it is a hydrated silicate of alumina with small 
proportions of lime, magnesia, and alkaline bases. 

The qualities inseparable from a good china-clay are 
whiteness and freedom from grit and dirt, which are obtained 
by a careful process of levigation from the raw deposits 
found in deep-seated fissures, extending in some cases to over 
100 yards wide, and from i to J mile in length, in Devon 
and Cornwall. 

These deposits were formerly granite which has undergone 
decomposition by atmospheric and chemical changes, yielding 
quartz, mica, and kaolin, and it is the latter, after being freed 
from the extraneous quartz, mica, and any undecomposed 
felspar that is used as a pigment. 

12 
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The separation is effected (Collins, The Hensbarrow 
Granite District, Truro, 1878) by washing down the soft rock 
with a current of water into large pits, where the coarse quartz 
settles, leaving the clayey water carrying the kaolin mixed 
with fine particles of sand and mica, which is thence run by 
means of troughs into a second series of pits to deposit these 
matters, and finally the creamy stream flows to large stone- 
lined tanks, where the kaolin settles as a thick mud. On 
running off the clear water, the kaolin is washed two or 
three times to improve the colour, and is then removed to 
the drying known as a Cornish " dry." 

In Fig. 40 a plan is shown of the " dry " and settling 
tanks. A A represent the settling tanks which receive the 
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Fig. 40. 



kaolin after being freed from quartz, mica, sand, etc. ; on 
settling and washing, it is conveyed by the tramways D D to 
the floor of the drying shed C C, until it forms a layer 9 
in. thick at the fire end and 6 in. at the stack end. 
The floor of the drying shed is made of large fire-clay tiles 
which cover a number of flues, 14 in. in width, and 
connected with the fire-place B. The tiles are 5 to 6 in. 
in thickness over the flues where the heat is greatest, and 
their thickness is reduced to 2 J in. at the other end of 
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the building. The clay at the fire end is dried within 
twenty-four hours, while that deposited at the stack end, 
where the heat is well spent, requires two to three days. 
When dried, the clay is stored in the sheds E E E E. 

Chalk or Whiting, — It is prepared from a soft earthy 
variety of limestone, and is chemically a carbonate of lime 
mixed with a small proportion of alumina, magnesia, and 
silica. 

By crushing and elutriation, it is obtained as a soft white 
powder. 

The Vienna white used by artists is a form of purified 
chalk. 

Marble, — ^White marble used for statuary purposes, and 
ground to a very fine powder, is used in the manufacture of 
cheap paints. 

It is quarried on the south-west slope of the Apuan 
Alps, Italy, and is mainly composed of carbonate of lime. 



CHAPTER XIV. 

Drying Oils and Siccatives. 

Drying Oils. 

Fat or fixed oils form the more important of the two great 
classes in which all natural oils are divided. In the pure 
state they are colourless or tinted a very pale yellow; 
commercially, they are found with shades varying from 
yellow to dark brown. The smell and taste vary with their 
degree of purity, and generally indicate the nature of their 
origin. 

All the fat or fixed oils are insoluble in water, but are 
readily dissolved by petroleum, turpentine, and many of the 
volatile oils, ether, carbon disulphide, benzine, etc. On 
exposure to air, they have an attraction for and undergo a 
change ; through the absorption of oxygen, some become 
rancid and sour, while others thicken and dry up to yellowish 
transparent resins. The former are termed non-drying oils, 
while the latter are known as drying oils, and are used as 
vehicles for pigments in painting. 

All drying oils are of vegetable origin, and yield a more 
or less proportion of linoleic acid when saponified; the greater 
the quantity of this acid formed, the more rapidly the oil dries. 

Various methods of extracting the oil from the seeds are 
ill use, such as — (1) Dissolving out by petroleum spirit, 
benzine, or carbon disulphide; (2) crushing between the 
plates of a powerful press ; or (3) by simply boiling the 
crushed seeds with water and skimming off the oil. 
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The oils yielded by these processes are crude and low in 
colour, and require for many purposes refining. This may 
be partially done by — (1) Mechanically washing with water, 
(2) filtration through animal charcoal, or (3) by prolonged 
exposure to the air, with frequent agitation. 

The most eflficient method, however, is by treatment with 
dilute sulphuric acid. For this purpose the oil is heated to 
50° C. in a lead-lined vat provided with a steam coil, and, 
for every 300 gallons oil treated, 6 lb. of strong sulphuric 
acid, diluted with an equal weight of water, are well stirred 
in. The impurities are charred by the acid, and on settling 
to the bottom leave a clear supernatant oil, which requires 
to be further washed with water to remove all traces of the 
acid used. 

The drying properties of the fat or fixed oils are greatly 
increased by boiling them alone, or with black oxide of 
manganese, litharge, sulphate of zinc, etc. ; the product being 
then known as "boiled oil," and from its highly siccative 
power can be used without the after addition of " dryers." 

The following are classed as drying oils : — 

(a) Linseed Oil — This oil is the most important of all 
the drying oils, and is extracted from the seeds of the Linum 
tcsitatissimum. 

The following analyses by way represent the composition 
of linseed : — 



Riga . 

Memel 

The Black Sea 



Nitrogen. 


Fat. 


Ash. 


Water. 


Per Cent. 
3-60 


Per Cent. 
34-70 


Per Cent. 
5-26 


Per Cent. 
9-45 


3-38 


36-00 


3 '66 


8-74 


3-31 


38-42 


5-64 


10-22 



In the expression, 24 to 26 per cent, of oil is extracted 
from the seeds, which contain 34 to 38 per cent, of oil; the 
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residual cake is largely used for cattle feeding, and retains 
from 10 to 12 per cent, of oil. 

On the choice of seed depends the quality of the oil 
produced : a green unripe seed yields a thick turbid oil, bitter 
to the taste, and smells rancid ; while the product from ripe 
seed appears limpid and pale, has little smell, and is sweet to 
the taste. 

Pure linseed oil is nearly colourless, and has a density of 
•930 at 15° a, which is lowered to -881 at 100° C. The 
solidifying point is from — 20° to — 27° C. Chemically, it is 
composed of the glycerides of linolenic and isolinolenic acids 
with stearine. 

When the oil is extracted in the cold, it is known as 
" cold drawn oil," and is lighter in colour and purer in body 
than when expressed by the aid of steam heat to the plates 
of the press, owing to the lesser quantity of stearine extracted 
with the oil. 

For the manufacture of paints, the oil is either used in 
the " raw " state, or is boiled, and thence known as " boiled 
oil." 

According to Fox, the chemical changes resulting from 
the boiling of linseed oil are the formation of highly oxidised 
bodies by the decomposition of the glycerides of the oil, while 
the glycerine splits up into acids of the acrylic series, whose 
vapours give that irritating smell which always accompanies 
oil boiling. 

The boiling of linseed oil is carried out in copper cylin- 
drical pans, either steam-jacketed or set over a furnace ; the 
former, for safety, being the more preferable. 

The raw oil having been run in to within 6 to 7 in. 
of the top, the heat, whether steam or open fire, is gradually 
applied until a temperature of 120° C. is reached ; allow the 
gradual increase of heat to be spread over two hours, then 
bring the whole to a gentle " simmer," and keep at this for 
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four hours. During the "simmering" remove any scum 
appearing on the surface with a copper ladle, and add the 
black oxide of manganese, litharge, or sulphate of zinc, to be 
used, with frequent stirring. Continue the gentle boiling 
until a skin forms on the surface of the oil, then withdraw 
the heat, cover up and allow to settle for twenty-four hours, 
when the whole of the mucilage formed will have settled to 
the bottom. Ladle out the oil into a storage lead-lined vat, 
cover up, and allow it to stand until the oil becomes clear 
and transparent. 

A better method of using the above " drying *' agents is 
to weigh out the required quantity and tie it up in a bag, 
which is suspended in the copper pan. By this means the 
bag and its contents can be used for a second boiling, after 
being well washed with water. 

The following are the proportions of " drying " agents 
used : — 

(1) Dark Boiled Oil, — 1 gallon linseed oil ; \ lb. powdered 

litharge. 

(2) Pale Boiled Oil. — 1 gallon linseed oil ; J lb. sulphate 

of zinc. 

(3) Very pale Boiled Oil. — 1 gallon pale linseed oil ; 1 

lb. sulphate of zinc. 

(b) Rape-seed Oil. — The seeds of the winter-rape (Brassica 
napiis) yield, by pressing, about 35 per cent, of a yellowish 
oil, known as rape oil. It has a specific gravity of '912 
at 1 5° C, and solidifies at — 4" C. The oil has a peculiar 
odour, and by dry distillation at about 300° C. it is decom- 
posed, yielding the irritating vapours of acrolein along with 
gaseous hydrocarbons. It dries rapidly when exposed in thin 
layers. 

(c) Hemp-seed Oil. — This oil has a greenish-yellow colour, 
which on keeping becomes brown. It is expressed by 
hydraulic pressure, from the seeds of the common hemp 
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{Gannabis sativa), which yield about 30 per cent, of oil, the 
residual cake being used to some extent for cattle feeding. 
The oil has a density of '925 at 15° C, and solidifies at — 15° 
to —28° C. On treatment with sulphuric acid, the natural 
colour of the oil changes to intense green, and, with nitric 
acid, a greenish dirty brown. In presence of caustic soda 
solution, it forms a thick brownish-yellow liquid. It dries 
quickly. 

(d) Poppy-seed Oil, — By expression, this oil is obtained 
from the seeds of the black poppy (Papaver somniferum). It 
is straw-yellow in colour, limpid, and odourless, and soluble 
in 25 parts cold or 6 parts boiling alcohol, and has a density 
of '925 at 15° C. On the addition of sulphuric or nitric 
acid, it turns a dirty white. When used as a drying oil, it 
is previously bleached by exposure to the sun in shallow 
vessels containing a layer of salt water. 

{e) Walnut Oil. — Walnut oil is of a greenish-yellow 
colour, and is extracted from the ripe kernels of the Jiiglans 
regia. It has an agreeable faint smell, with a nutty taste. 
At 15° C. the density is '925, and it solidifies at —18° to 
— 28° C. The oil is but moderately soluble in alcohol, and is 
highly siccative. 

(/) Niger-seed Oil — This oil is pressed from the seeds 
of the Guizotia regia. It is pale yellow in colour, sweet 
to the taste, and dries very rapidly on exposure in thin 
layers. The density is '926 at 15° C, and it solidifies 
at - 9° C. 

Oils extracted from the deadly nightshade (Atropa 
belladonna), grape seed (Vitus vinifera), gold of pleasure 
seed (Camelina sativa), weld seed {Reseda luteola), tobacco 
seed (Nicotiana tohacum), and Scotch fir seed (Pinus sylvestris), 
all possess high drying powers on exposure ; they are, 
however, but rarely used in the grinding of pigments for 
painting. 
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Siccatives, 

Under the name of siccatives, certain chemical agents 
are added to ground pigments before using, in order to 
increase their drying and hardening properties. 

As they, to some extent, detract from the delicacy of the 
colours with which they are mixed, they should be avoided 
in the finishing coats of delicate colours. Again, they should 
not be employed with ground pigments that dry well, nor, 
when used, should an excess be mixed with the paint, as this 
retards the drying. Siccatives should only be added to the 
colour when about to be used. 

The following are the principal siccatives in use : — 

{a) Sulphate of Manganese, — This salt is prepared by 
burning black oxide of manganese mixed with about one-tenth 
of its weight of powdered coal in a gas retort. The man- 
ganous oxide formed, is raked out, and then treated in a lead- 
lined vat provided with a steam coil, with sulphuric acid. 
When completely dissolved, the liquor is run into shallow 
crystallizing vats. After crystallization, the crystals are 
removed and drained. 

It may also be prepared by dissolving manganous carbonate 
in dilute sulphuric acid, and crystallizing as before. 

The crystals of sulphate of manganese generally are 
tinted with a faint amethyst colour, due to the presence of 
slight quantities of a manganic salt. They are soluble in 
their own weight of water, moderately soluble only in weak 
alcohol, and completely insoluble in absolute alcohol. 

(6) Acetate of Manganese. — The acetate is prepared as a 
" dryer " by dissolving manganous oxide, prepared from the 
black oxide, in acetic acid, and then evaporating the resulting 
solution until the crystals begin to form on the surface ; the 
liquor is then run into crystallizers, from whence the crop of 
crystals formed, is removed and drained. The crystals have 
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a pale rose-coloured tint, and are soluble in 3 parts cold 
water. 

(c) Borate of Manganese, — When borax is added to a 
solution of sulphate of manganese, a dense crystalline 
precipitate of borate of manganese is formed, which is 
washed on a filter, and then dried. 

(d) Oxalate of Manganese. — This salt is produced when a 
solution of sulphate of manganese is treated with oxalic acid. 
The precipitated salt, after washing and drying, has a faint 
violet tint, and is moderately soluble in hot water. 

(e) Benzoate of Manganese. — To prepare this salt, benzoic 
acid is dissolved in boiling water, and the solution carefully 
neutralised with manganous carbonate. When the effer- 
vescence has subsided, filter oflf any excess of the carbonate 
added, and evaporate the filtrate to dryness. The benzoate 
of manganese thus prepared, is an amorphous, hard, brownish 
material, which may be powdered and kept in the pulverised 
state in any climate. 

(/) Resinate of Mangan£se. — Dissolve a resinate of 
potash or soda in hot water, and to the solution add 
chloride of manganese. The precipitated resinate of man- 
ganese formed, is collected on a filter, washed, and then 
dried. 

(g) Borate of Zinc. — On adding borax to a hot solution 
of sulphate of zinc, and then boiling for some time, a white 
borate of zinc is precipitated, which is collected on a filter, 
washed with hot water, and then dried. 

(h) Resinate of Colalt. — This compound is prepared in the 
same way as resinate of manganese, but substituting chloride 
of cobalt in place of chloride of manganese. 

{i) Resinate of Magnesia. — When a solution of resinate of 
potash or soda is treated with chloride or sulphate of magnesia, 
a gelatinous precipitate of resinate of magnesia is formed, 
which is run on to a filter, washed with water, and then 
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dried. It is soluble in coal-tar naphtha, strong alcohol, and 
hot linseed oil. 

(/) Hippuric or Urobenzoic Acid, — This product has been 
used with success as a " dryer." It can be made artificially 
by heating glycocine in a sealed tube with benzoic acid, also 
by heating the zinc salt of glycocine with chloride of benzoyl 
to 120° C. On the large scale, it is prepared from the urine 
of horses and cows by treating it with milk of lime, and 
supersaturating the hippurate of lime formed, with hydro- 
chloric acid. The crude brownish acid thus produced, is 
purified by further treatment with boiling water and milk of 
lime, and then finally saturated with hydrochloric acid. 
Hippuric acid forms colourless transparent prisms, which 
melt at a gentle heat, solidifying to a crystalline mass on 
cooling. It is sparingly soluble in cold water, but readily 
dissolves in boiling water and alcohol. 

(k) Acetate of Lead (known as Sugar of Lead). — See 
" Salts of Lead," p. 32. 

(/) Litharge, — See " Oxide of Lead," p. 109. 

(m) Oxide of Zinc. — See " Oxide of Zinc," p. 166. 

(n) Stdphate of Zinc. — See " Salts of Zinc," p. 163. 

(o) Burnt Alum. — The double salts of aluminic sulphate, 
with sodium, potassium, or ammonium sulphates, form what 
are technically known as alums. They crystallize in regular 
octahedrons, and contain 12 atoms of water, thus — 

Al . Na . (SOJa 1 2 HgO . (sodium alum). 
Al . K . (SOJg 12 HgO . (potassium alum). 
Al . NH4 . (804)2 1 2 HgO . (ammonium alum). 

On heating to 200° C, the whole of the water of crystal- 
lization is expelled, leaving a powdery substance known as 
" burnt alum," and in this form it is used as a dryer. 

(p) Borax. — Biborate of soda or borax is obtained in the 
anhydrous state by fusing 124 parts of boric acid with 53 



188 LEAD AND ITS COMPOUNDS 

parts dry carbonate of soda. Commercially, the product is 
found in a crystallized condition, and is manufactured largely 
from the native boric acid found in Tuscany. 

Siccatives are used either in the dry state or ground up 
with a little oil. In either form they are added and well 
stirred in when the paint is thinned down with oil and 
turpentine. 

The following are the compositions of several dryers in 
use: — 

(a) For Whites, Opaque Light Colours, and Greys, — Sul- 
phate of zinc (white vitriol), 1 part; sugar of lead, 1 part; 
Dutch white lead, 2 parts. The whole mixed up and ground 
to a fine powder. The addition of 2 per cent, to the paint 
when thinning. 

(6) For Common Paints. — {aa) Litharge ground to a paste 
with boiled oil ; (66) sulphate of zinc ground to a paste with 
boiled oil ; {cc) acetate of lead ground to a paste with boiled 
oil; 1 to 2 per cent, added. 

(c) Gruynemer's Dryer, — Sulphate of manganese, 1 part ; 
acetate of manganese, 1 part; calcined sulphate of zinc, 1 
part; oxide of zinc, 97 parts. The acetate and sulphate of 
manganese with the calcined sulphate of zinc are ground to 
a powder, and then intimately mixed with the oxide of zinc, 
the whole being then again ground to a white powder. In 
use, 1 per cent, is required during thinning. 

(d) Zumatic Transparent Dryer. — Carbonate of zinc, 9 
parts ; borate of manganese, 1 part ; linseed oil (pale), 9 parts. 
Grind together and keep in tin tubes. 

{e) Zumatic Opaque Dryer, — Oxide of zinc, 12 J parts; 
borate of manganese, J part. Mix thoroughly, and use 5 per 
cent, when thinning. 

(/) Patent Dryers, — {aa) Benzoate of cobalt, ground to a 
powder, and incorporate 1 lb. with every 6 cwt. paint ; (66) 
benzoate of manganese, grind to a powder, and use as above. 
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{g) Dryer for Dark-coloured Paints, — Litharge, 1 part; 
boiled linseed oil, 1 part. Grind to a paste, and use 2 per 
cent, when thinning. 

(A) The " VUle " Dryer. — Oxide of zinc, 440 parts ; acetate 
of manganese, 3'33 parts ; sulphate of manganese, 3*33 parts ; 
sulphate of zinc, 3*33 parts. Grind and intimately mix 
together, and use 2 per cent, of the mixture to zinc white 
paint. 

{i) Rochaz's Dryer, — Zinc white, 20 parts; pine resin, 
6 parts; turpentine, 2 parts; boiled linseed oil, 1 part. 
Grind the whole together through the mill, and use 2 per 
cent, of the mixture. 

(y) Patent Dryer. — Carbonate of zinc, 7 parts; acetate of 
lead, 2 parts ; litharge, 3 parts ; boiled linseed oil, 5 parts. 
Grind to a paste, and use 3 per cent. 



CHAPTER XV. 

Oil of Turpentine. 

Oil of turpentine belongs to that class of oils known as 
essential or volatile oils, and may be easily distinguished 
from a fatty or fixed oil, not only by the smell, but also by 
allowing a drop of each to fall on a piece of white paper ; 
with turpentine, the translucent spot-former disappears on 
exposure to air or slight heating, whereas the stain of the fat 
oil remains permanent. Turpentine is composed of carbon 
and hydrogen, has a peculiar odour, boils at 160° C, and on 
distillation it passes over unchanged, leaving practically no 
residue at 180° C. 

It does not mix with water, but is miscible with ether 
and alcohol, and dissolves readily the resins, camphors, and 
many hydrocarbons. The turpentines of commerce are 
mainly the American, extracted from the Pinus AustraliSy 
and the French, from the Pinus maritima. Both are similar 
in their constitution and properties. From the incisions 
made in the trees, a thick resinous oil exudes, which is 
collected and then distilled in large copper stills, each 
having a capacity of 600 gallons, and provided with a dome 
or head to which is aflBixed the condenser pipe. They are 
heated by an enclosed fire, or, preferably, as adopted by 
French distillers, by steam coils. To the stills are first 
added water, and then the crude oil, freed from bark, leaves, 
and other foreign matter, is run in from the storage tanks, 
and the temperature is gradually raised to 160° C, and kept 
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about that point until the finish. Meanwhile the oil and 
water coming over are condensed and run into receivers, the 
distiller testing the layer of oil from time to time. 

When the proportions, by volume, of the oil and water 
distilling over, are about the ratio of 1 to 9, the pro- 
cess is stopped, in order that the colour of the oil shall 
not be lowered by any volatile organic matter. After 
separation of the water, the oil is pumped to storage tanks 
to settle. 

The yield averages 12 per cent, by weight of the crude 
oil. 

On completion of the distillation, the heat is withdrawn, 
and the air valves are opened, and the residual liquid matter 
in the still is run from a pipe and cock fixed near the 
bottom, passed through a strainer to remove any scum or 
dirt, and thence into barrels to solidify, forming the colo- 
phony or common resin of commerce. This product has an 
extensive use, and is of a dark brown colour when made 
from American crude oil; the pale amber variety is the 
residue of the French crude oil, and is known as "virgin 
rosin." 

Besin is insoluble in water, but dissolves in solutions of 
the alkalies forming resin soaps, also in benzine, chloroform, 
and ether. 

Besin or Bosin Oil. 

This oil, used largely in the manufacture of greases, 
soaps, etc., is the product from the dry distillation of resin. 

The operation is carried on in cast-iron stills of about 
5 tons capacity, encased with brickwork and heated by fires 
beneath. Each still is provided with a copper worm, con- 
nected at the upper end with the condenser pipe, and, at the 
lower, with the receiver, into which the products of distillation 
flow. 
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During the early stage of the operation, uncondensable 
hydrocarbons and carbonic acid gas are given off in consider- 
able quantities; between 90° and 280° C, the distillate is 
collected apart, and is known as " rosin spirit," being used 
principally as a substitute for turpentine and in varnish- 
making. It is refined by agitating with caustic soda, wash- 
ing, and then re-distilling the washed spirit. On changing 
the receivers the temperature in the still is gradually raised 
to 400° C, and between 300° and 400° C. a mixture of heavy 
hydrocarbons with phenols and undecomposed resin, come 
over, yielding on condensation the crude oil known as resin 
or rosin oil. The residue in the still is pitch. A ton of 
resin yields about 7 gallons of spirit and 17 cwt. of heavy 
resin oil. 

Crude resin oil is strongly fluorescent ; the " bloom," 
however, can be removed by treatment with dinitronaphtha- 
line, or by washing with soda lye, then with water, and 
afterwards exposing the treated oil in shallow trays to the 
air. 

Pignient&, 

Although some pigments are from animal and vegetable 
sources, it may be said generally, that they are of a mineral 
origin and are brought into commerce either in the native 
or manufactured state as sulphides, oxides, or metallic salts. 

When ground to a fine state of division with a suitable 
oil, they are known as paints, and in this form are capable 
of being spread over surfaces with a brush. The economical 
value of a pigment depends on its opacity and density ; 
those existing in an opaque and amorphous form absorb more 
oil, and thus have greater " body " or " covering power " than 
those of a crystalline texture. From this difference in their 
physical form, Dutch white lead owes its superiority over 
many pigments of a crystalline nature. 
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The permanence of a pigment is aflTected by several 
chemical changes. For instance, the pigments of lead, 
copper, bismuth, and partly those of mercury, darken by 
exposure to a polluted atmosphere, through the action of 
sulphuretted hydrogen present forming sulphides. On the 
other hand, the pigments of zinc and barium remain un- 
a£fected by the gas, and thus retain their whiteness. Some 
pigments are affected by the oxygen of the atmosphere, when 
exposed : some of the chromates, for instance, gradually turn 
green ; others, again, are acted upon by the " dryers " used, 
the chemical reaction altering the nature of the paint. 
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CHAPTER XVI. 

Classification of Mineral Pigments according to 

THEIR Colour. 

Whites. 

Dutch White Lead, — Basic Carbonate of Lead, p. 112. 

Hannaf/s White Lead. — Sulphate of Lead, p. 133. 

PattisorCs White Lead. — Oxychloride of Lead, p. 39. 

Sulphite White Lead. — Sulphite of Lead, p. 139. 

Pearl White. — Basic Nitrate of Bismuth, p. 139. 

Strontian White. — Sulphate of Strontium, p. 139. 

Magnesia White. — Oxide and Carbonate of Magnesia, p. 

140. 

Tungsten White. — Tungstate of Barium, p. 140;* 

Cadmium White. — Hydrate of Cadmium, p. 140. 

Antimony White. — Oxide of Antimony, p. 140. 

Fine White \ 

Krems White > Basic Carbonate of Lead. 

Flake White J 

Venice White \ 

n .7 Wh 7 I -"^^^^^^^s of White Lead and Sulphate 

Hamburg White) > F- • 

Baryta White \ 

Permanent WhiteV Sulphate of Barium, p. 176. 

BlaTw Fixe ] 

Spanish White. — Carbonate of Lime, p. 179. 

Zinc White 



Chinese White ^ 



Oxide of Zinc, p. 166. 
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Lithophone White, — Sulphide of Zinc, p. 165. 
Charlton White. — Mixture of Sulphide of Zinc with 
Sulphates of Barium and Strontium, p. 166. 
Griffith's White, — Sulphide of Zinc, p. 165. 
Derbyshire White, — Finely divided Chalk, p. 179. 

Yellows, 



■ Neutral Chromate of Lead. 



Chrome Yellow 

Paris Yellow 

This pigment is prepared by dissolving bichromate of 
potash in water, and adding to slight excess a solution of 
acetate of lead. The yellow precipitate formed, is washed 
by decantation, and then dried. 

Cologne Yellow, — Neutral Chromate of Lead, toned down 
by the addition of Sulphate of Barium (Barytes). 

The shade also may be produced by digesting 3 parts 
sulphate of lead with 1 part chromate of potash dissolved 
in water. The mixed precipitate of sulphate and chromate 
of lead is washed and dried. 

Zinc Yellow, — Neutral Chromate of Zinc, p. 163. 

Strontian Yellow, — Neutral Chromate of Strontium. 

It is made by adding to a solution of bichromate of 

potash excess of a solution of nitrate or chloride of strontiuni, 

and filtering, washing, and drying. 

Baryta Yellow) ^, i i. -o • 

^ > Chromate of Barmm. 

Lemon Yellow ) 

Prepared by mixing solutions of bichromate of potash 
and nitrate or chloride of barium together, the latter in 
slight excess, then washing and drying the precipitated 
chromate of barium. 

Bismuth Yellow. — Chromate of Bismuth. 

On adding bichromate of potash to^an acid solution of 
nitrate of bismuth, a yellow flocculent precipitate of chromate 
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of bismuth is produced, which, on filtering, washing, and 
drying, yields the pigment. 

Cadmium Yellow. — Sulphide of Cadmium. 

This lemon-yellow pigment is prepared by adding potas- 
sium or sodium sulphide to a solution of nitrate of cadmium. 
The precipitated sulphide is washed and dried. It is to 
some extent affected by light. 

Aureolin. — Double Nitrite of Cobalt and Potassium. 

Cobalt yellow, as it is sometimes termed, is a pigment 

produced by adding nitrite, of potash to a solution of chloride 

or nitrate of cobalt, and then filtering, washing, and drying 

the yellow precipitate. 

Stone Yellow'] 

n f ^ n h I -A-rgillaceous Earths containmg hydrate 

Yellow Ochre) 

In the native state they are found of fine quality, and 
require simply washing before being brought into the 
market. On calcination they turn red. Artificially, a yellow 
ochre may be prepared from ferrous sulphate, by precipita- 
tion with an alkali, and exposing the precipitate formed, to 
the action of air. 

Naples Yellow. — Oxides of Antimony and Lead. 

This pigment is formed by first calcining a mixture of 
3 parts metallic antimony, 1 part oxide of zinc, and 2 
parts red lead, then grinding the calcined mass to a powder 
and fusing in a closed crucible at a red heat for five hours. 
The fused mass on cooling is ground to a fine powder, 
washed and dried. 

King's Yellow, — Sulphide of Arsenic. 

It is found in the native state, and is also prepared arti- 
ficially, by subliming a mixture of arsenious acid with sulphur, 
or by precipitating a solution of arsenious acid with sul- 
phuretted hydrogen gas. 

Cassel Yellow. — Oxychloride of Lead, p. 40. 
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Chrome Orange. — Basic chromate of lead is the base of 
all chrome orange colours. They are produced when the 
acetate of lead used in the production of chrome yellow is 
of a basic nature, instead of being neutral. Burnt sienna, 
prepared by calcining raw sienna, and burnt Eoman ochre 
calcined from Eoman ochre, are pigments of an orange shade. 

Greens, 

Ohrome Green, — Hydrated Oxide of Chromium. 

This pigment is prepared by fusing, in a crucible, 
equivalent quantities of anhydrous boracic acid and bichro- 
mate of potash, and then treating the fused mass with hot 
water. The hydrated oxide is washed and finely triturated. 
The common quality of chrome green is a mixture of chrome 
yellow and Prussian blue. 

Brighton Green, — Acetate of Copper and Whiting. 

It is prepared by stirring whiting to a pasty consistency 
in a mixture of sulphate of copper and acetate of lead 
dissolved in water. The paste, after draining, is dried and 
ground to a powder. 

Manganese Green, — Oxides of Manganese and Barium. 

Mix intimately 2 parts hydrate of barium, 1 part nitrate 
of barium, and 1 part oxide of manganese, and fuse the 
mixture in a crucible heated to dull redness. Pour the 
fused mass on to a slab, and, when solid, crush to a powder, 
and boil well with water, filter and dry. 



Cobalt Green 
Rinmann's Green 



Phosphates of Zinc and Cobalt, p. 
162. 

VienvAi Gh'een. — Arsenite of Copper. 
This arsenical pigment is prepared by making a solution 
of 10 parts sulphate of copper and 1 part unslacked lime 
with acetic acid, and stirring in a boiling solution of 10 parts 
arsenious acid. The green precipitate is collected on a cloth 
filter, washed well, dried, and ground to fine powder. 
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Scheele's Green. — Arsenite of Copper. 

Formed by dissolving arsenious acid in a solution of 
potash, and then gradually adding a boiling solution of 
sulphate of copper. Filter, wash well, and dry. 

Mineral Green. — Carbonate of copper. 

It is found native as malachite ; artificially, it is pre- 
cipitated when a solution of carbonate of soda is added to a 
solution of copper sulphate. 

Brunsvnek Green. — Hydrate of Copper. 

This deep and rich green is formed when carbonate of 
ammonia is added to a mixed solution of equal parts of 
alum and copper sulphate. The precipitate is collected on a 
cloth filter, washed and dried. Various shades of green can 
be produced by altering the proportions of alum used. 

Blites. 

Ultramarine. — Natural ultramarine is a deep blue pig- 
ment extracted from pure lapis-lazuli ; owing, however, to its 
costly extraction, but little of the natural product is used in 
the arts. Artificially, it exists as a compound of silicates of 
soda and alumina with sulphide of sodium, and is manu- 
factured in considerable quantities by grinding together 10 
parts pure kaolin, 9 parts soda ash, 1 1 parts sulphur, and 
2 parts charcoal. The ground mixture is heated to bright 
redness for twelve to sixteen hours in crucibles, or in a 
" mass " oven, until a sample withdrawn shows a greenish- 
blue shade, which, on cooling, becomes a deep blue. When 
the sample indicates that the mass is sufficiently burnt, the 
oven is hermetically closed, and allowed to cool for a week. 
On opening, the calcined mass is withdrawn, freed from any 
brown parts due to overheating, crushed, and then washed in 
vats having perforated false bottoms from any soluble im- 
purities. The washed ultramarine is dried on kilns, then sifted 
through a fine sieve, and finally sorted according to shade. 



Cobalt Blue mixed with Prussian Blue. 



Artificial Ultramarine. 
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Cobalt Blue 1 

mr j» r>7 I Phosphate and Aluminate of Cobalt. 
Imna/rdB Blue] 

The blue pigment known by the above names is prepared 
by heating to dull redness a mixture of 10 parts freshly 
precipitated and dried alumina and 1 part phosphate of 
cobalt. By artificial light, the shade appears violet. 

Cyanine Blue 

Leitch's Blue 

Azure Blue 

Paris Blue 

Prussian Blue, — Hydrated Ferric Ferrocyanide. 

Pure Prussian blue can only be obtained by treating a 
solution of ferrocyanide of potassium with ferric chloride or 
other ferric salt. The commercial pigment is prepared on 
the large scale by dissolving 100 parts of ferrocyanide of 
potassium (yellow prussiate) in water, and then adding a 
solution of 80 parts ferrous sulphate, at the ordinary tem- 
perature. The mixture is now diluted with an equal bulk 
of water, brought to the boil, and, on the addition of 30 
parts nitric acid (28'*B.) and 15 parts strong sulphuric acid, 
the deep blue precipitate of Prussian blue is formed. The 
pigment is filtered through a cloth filter, and then dried. 
Prussian blue has a coppery lustre, is inodorous, tasteless, 
and non-poisonous, and possesses great body and covering 
power. 

Saxon Blue, — This pigment consists of a mixture of 
alumina with potassio-ferric ferrocyanide. It is an inferior 
blue, and is prepared by precipitating a solution of ferro- 
cyanide of potassium with 1 part ferrous sulphate and 3 
parts alum, dissolved in water. 

Reds, 

Nearly all the red pigments of a mineral character found 
in commerce, are derived by the calcination of (1) natural 
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earths or ochres, formed of hydrate of iron combined with 
various proportions of clay, and (2) of sulphate or oxide of 
iron. Mars red, Indian red, light red, Venetian red, red 
ochre, are pigments derived from either of the two sources. 

Vermillion Bed. — Sulphide of Mercury. 

This pigment is the richest of all the red colours. It is 
permanent, and possesses great body and covering power. 
The first stage of the manufacture consists of the formation 
of a crude sulphide of mercury by heating in an iron pan 
a mixture of 270 parts of mercury and 37 J parts ground 
sulphur. On cooling, the mass is powdered, and then charged 
by portions into subliming pots made of refractory clay, and 
heated from below. After each charge, the vermillion sub- 
limes in the upper parts of the pot, and at the finish the pots 
are withdrawn, cooled, and the bright red vermillion extracted. 
It is ground in a mill, washed, and then dried. 

Vermillion is often adulterated with inferior red pigments, 
as chrome red, red ochre, and red lead. 

Vermillion Scarlet — ^Iodide of Mercury. 

This brilliant shade is produced by adding iodide of potash 
to a soluble salt of mercury ; the precipitate is then washed 
and dried. 

Bed Lead, — Tetroxide of Lead, p. 117. 

Chrome Bed 

Persian Bed 

This pigment can be produced by boiling neutral chromate 
of lead or chrome yellow with half its weight of lime or 
caustic soda. 

Browns. 

Brown pigments of a mineral origin, are practically all 
derived from native ochres. Vandyck brown, Verona brown, 
Caledonian brown, and others, are all native ochres, raw or 
calcined. 



- Basic Chromate of Lead. 
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Blacks, 

Bone black, ivory black, lamp black, asphaltum black, 
and vegetable black have either an animal or vegetable origin. 

The following table shows the stability in oils of dififerent 
mineral pigments (Church, Chemistry of Paints and Painting) : 



Somewhat Changeable. 

Aureolii). 
Baryta yellow. 
Indian yellow. 
Strontian yellow. 
Chrome yellow. 
Cobalt green. 
Emerald green. 
Malachite. 
Prussian blue. 
Cologne earth. 
Earthy Vandyck brown. 



Untrustworthy. 

King's yellow. 
Zinc chromate. 
Bituminous Vandyck 
brown. 



Permanent. 

Baryta white. 
Zinc white. 
Flake white. 
Yellow ochre. 
Raw sienna. 
Vermillion. 
Indian red. 
Venetian red. 
Light red. 
Red ochre. 
Ultramarine. 
Burnt sienna. 
Raw umber. 
Burnt umber. 
Cappagh brown. 
Caledonian brown. 
Prussian brown. 



All the pigments of copper, lead, and bismuth darken on 
exposure to sulphuretted hydrogen gas, while zinc and barium 
whites are unaffected. 



Paints. 

Paints are pigments ground up with a suitable medium, 
such as linseed oil, either in a " raw " or " boiled " condition, 
and can be stained with a mineral colouring matter to any 
tint desired. They are produced as a thick paste, and should 
contain about 75 per cent, of the pigment with 25 per cent, 
of oil. To prepare the paste for use with the brush, it is 
thinned down with turpentine alone, or with turpentine and 
linseed oil, and the requisite quantity of siccative added, to 
enable the paint to dry quickly. 
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A paint ready for use, to fulfil all the requirements of a 
covering or protecting agent to surfaces on which it is applied, 
should spread well, or, in other words, have good covering 
power, under the brush, and yet be suflSciently viscous so 
that it will adhere without running. When applied, it should 
also leave coats of equal thickness, each coat should dry hard, 
without any tendency to peel or rub off, and be unaflfected by 
any climatic influences. 

The following are the mixings of some white market 
paints : — 

(1) 100 lb. zinc white ground in 22 lb. refined linseed 

oil. 

(2) 100 lb. zinc white, 40 lb. sublimed lead (sulphate 

of lead), 60 lb. English Paris white, ground with 
12 J gallons raw linseed oil and 1 gallon benzine 
dryer. 

(3) 400 lb. sublimed lead (sulphate of lead), 100 lb. 

Dutch white lead, ground to a paste with 12 gallons 
linseed oil, and thinned with 7 gallons oil dryer, 
14 gallons raw linseed oil, and 7 gallons emulsion, 
prepared from linseed oil and lime-water. 

(4) 1400 lb. sublimed lead, 340 lb. zinc white, 450 lb. 

Paris white, ground with 100 gallons linseed oil, 
25 gallons benzine, 40 gallons silica solution (equal 
parts of sugar of lead solution 3° B., and water 
glass solution 8° B.), 4 gallons oil dryer (prepared 
by taking 5 gallons raw linseed oil, place in varnish 
kettle, heat to 300° F., and 10 lb. powdered flake 
litharge, and 1 lb. varnish lime. Heat till it has 
a consistency equal to thick molasses and will 
string strongly. Cool to 250° F. and add 150 
gallons naphtha), and 25 gallons turpentine. 

(5) 600 lb. sublimed lead (sulphate of lead), 600 lb. 

oxide of zinc, 300 lb. Dutch white lead, ground in 
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250 lb. raw linseed oil, and thinned with 44 
gallons boiled linseed oil, 32 gallons raw linseed 
oil, 11 gallons oil dryer, 16| gallons silica solution. 
{Board of Trade Journal,) 

In preparing a coloured paint for general work, the colour- 
mixer first produces a sample of the tint required, and then 
makes up the body of the paint with a white pigment and oil 
ground together. The colouring pigment is now added, the 
quantity being regulated by the shade of the sample. When 
the whole is mixed and matched, the proportion of dryers is 
added, and then the coloured paste is thinned down to a 
creamy consistence with turpentine. In the production of 
coloured paints the body should be of white lead only : for 
cheapness, however, inferior white pigments of little or no 
body or covering power are now added to the lead pigment. 

Special classes of paints, in which the ingredients to some 
extent are similar to those found in ordinary white or 
coloured paints, are brought into the market to fulfil certain 
requirements. These may be classed as (1) fire-proof paints, 
(2) preservative paints, (3) enamel paints, and (4) so-called 
luminous paints. 

Fire-proof paints consist largely of asbestos mixed with 
silicates incorporated with linseed oil. 

The anti-f ouling and anti-corrosive compositions are mainly 
prepared from zinc oxide and sulphide ground with a varnish 
made of naphtha, rosin, and gum. They are chiefly used for 
ships' bottoms. 

For iron surfaces, red lead forms an eJBfective coating when 
mixed with oil. 

Enamel paints are used for decorative purposes, and are 
made by grinding a mineral pigment with a varnish, and 
tinting to requirements. 



CHAPTER XVII. 

Analysis of Eaw and Finished Products. 

Lead Ores. — The estimation of lead is made by a dry 
assay or by precipitation. 

Galena, — {a) By Dry Assay, — The assaying of galena ore is 
best carried out by the iron process, which depends on the fact 
that at a red heat this metal decomposes sulphide of lead with 
the formation of sulphide of iron and metallic lead. It is made 
in an iron crucible, which thus supplies the decomposing agent. 
An average sample of the ore is first crushed to a fine powder, 
sieved, and 20 grms. weighed out. The flux used is a mixture 
of 2 parts fused borax and 1 part dry carbonate of sodium 
in a fine state of division, 20 grms. being taken and inti- 
mately mixed with the weighed ore. In charging, the crucible 
is first brought to a dull red heat in a coke furnace, and then 
the mixture of ore and flux carefully added. On raising the 
temperature to redness, the contents of the crucible liquefy 
with evolution of carbonic acid gas. When the mass has 
become quiescent, the crucible is partly removed from the 
fire and the contents stirred with an iron rod. On replacing 
in the furnace, the heat is raised to bright redness for five 
minutes to effect the complete decomposition of the sulphide 
of lead. Now remove the crucible and pour the contents into 
an iron mould, taking care that any metallic beads of lead 
which may attach themselves to the sides of the crucible are 
removed and added to the mould. When cold, the button 
of metallic lead with its covering of slag is easily removed, 
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broken, and the button separated. On washing and brushing 
to remove any adhering particles of slag, the button is dried 
and weighed, and an opinion formed of its quality by its 
colour and softness. 

If the ore contains antimony it will be found, on reduction, 
in the button of lead, and giving to it a certain hardness. In 
the assay, the antimony can be oxidised and thus retained in 
the slag by using a little nitrate of potash with the flux. The 
whole of the silver in the ore is reduced and found incor- 
porated with the lead, and to estimate the amount the button 
undergoes the process of cupellation, by which the lead is 
oxidised to litharge, leaving the silver untouched (see Percy's 
Metallurgy of Lead and Silver). Cerusite, or carbonate of lead, 
anglesite, or sulphate of lead, and other lead ores, are assayed 
in a similar manner, using, however, an earthen crucible 
instead of an iron one, and fusing with a flux composed of 6 
grms. argol, 1 8 grms. carbonate of sodium, and 1 2 grms. of 
salt, to every 1 5 grms. of ore taken. 

In estimating the lead in fumes, cupel bottoms, and re- 
fractory slags, the flux used is a mixture of 13 grms. argol, 
26 grms. carbonate of sodium, and 13 grms. fused borax, the 
whole being ground to a fine powder and intimately mixed 
with 26 grms. of the slags, etc., reduced to a fine condition. 
The treatment in the furnace and the after-separation of the 
button of lead is similar to that of galena ; the reduction, how- 
ever, is carried out in an earthen crucible. 

(6) By Precipitation, — Take an average sample of the 
galena ore, crush finely, and pass the whole through a sieve of 
fine mesh. Take a porcelain crucible and weigh out 3 grms. 
of the powdered ore, add 2 c.c. of strong nitric acid, and heat 
on a sand-bath for fifteen minutes, then mix with 15 c.c. 
strong sulphuric acid, and continue the evaporation nearly to 
dryness. Cool, add a few drops of sulphuric acid and about 
50 C.C. of water, heat nearly to boiling, and filter, washing the 
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residue with hot water until the filtrate is free of any acidity. 
Now wash the residue, which is mainly sulphate of lead, into 
a beaker with the least possible quantity of hot water, and 
add 100 C.C. of a dilute solution of carbonate of sodium, and 
bring the whole to the boil for ten minutes. Throw on to a 
filter and wash the precipitate with hot water until the wash- 
ings are no longer alkaline. The precipitate is carbonate of 
lead, along with any insoluble foreign matter, as silica, etc. 
Wash into a beaker with as small a quantity of water as pos- 
sible, and slowly add strong acetic acid till the solution is 
acid ; the effervescence is due to the liberation of carbonic acid 
gas, and care must be taken that no loss is occasioned by 
spurting. Boil for a few minutes, and then allow to stand for 
a time. Filter and wash well with hot water. The residue 
on the filter is the insoluble matter, silica, etc., while the 
filtrate contains the whole of the lead as soluble acetate. If 
the filtrate is bulky, it is concentrated by slowly evaporating 
on the water-bath, and then dilute sulphuric acid until no 
further precipitate is formed ; heat for ten minutes, and filter. 
The precipitate of sulphate of lead is washed with hot water, 
dried, ignited, and weighed as PbSO^, and from the amount 
found the lead is calculated. 

Example — 

Weight of ore taken 3 grms. 

Weight of PbSO^ found .... 3*7 „ 

Equivalent to metallic lead . . . 2*53 „ 

2-53 X 100 
Then s =84*33 per cent, of lead in the ore. 

Zinc Ores, — The estimation of zinc in calamine and blende, 
the ores of zinc used for metallurgical purposes, is conducted 
in the wet way by precipitation. 

(a) Calamine. — Five grms. of the ore finely powdered are 
weighed out into a beaker, and treated cautiously with 1 c.c. 
strong sulphuric acid; after the effervescence has subsided. 
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place the beaker on sand-bath and evaporate to dryness, then 
cool, add a few drops of hydrochloric acid and a little water 
and bring to the boil. Filter and wash well with hot water. 
Neglect the residue, and to the filtrate add sulphuretted 
hydrogen until no further precipitate is formed. Throw on to 
a filter and wash well with sulphuretted hydrogen water. The 
precipitate formed is sulphide of zinc, which is completely 
dissolved in nitric acid, then make the solution strongly 
alkaline with carbonate of sodium, and filter off the precipi- 
tated carbonate of zinc, wash with hot water, dry, ignite, and 
weigh as oxide of zinc, from which the amount of zinc is cal- 
culated. 

Example — 

Weight of ore taken ..... 5 grms. 

Weight of ZnO found . . . . 2-81 „ 

Equivalent to metallic zinc . . . 2*26 „ 

2-26 X 100 
Then « = 45*20 per cent, of zinc in the ore. 

(6) Blende. — The analysis is carried out in a manner similar 
to that of calamine, excepting that the ore is dissolved in a 
mixture o£ nitric and hydrochloric acids. The metal is pre- 
cipitated as zinc carbonate, with sodium carbonate, which, 
after washing, is dried, ignited, and weighed as oxide of zinc, 
and from the result the percentage of zinc is calculated. 

Example — 

Weight of ore taken 5 grms. 

Weight of ZnO found . . . . 3*32 „ 

Equivalent to metallic zinc . . . 2*66 „ 

2-66 X 100 
Then -^ = 53'20 per cent, of zinc in the ore. 

Iron in Commercial Zinc, 

To detect in a simple way the presence of iron in zinc, 
Fresenius dissolves the metal in dilute sulphuric acid, in a 
small flask provided with a gas evolution tube, the outer limb 
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of which is placed under water. After the solution of the 
metal is completed, the water is allowed to partly recede into 
the flask, then completely cool, and add, drop by drop, a dilute 
solution of potassium permanganate. If a drop indicates the 
same red tint to the solution of zinc as to an equal volume of 
acidulated water, the zinc may be considered free from iron. 

Analysis of White Lead Faint. 

A genuine lead paint should consist only of Dutch corroded 
white lead ground up with its proper proportion of linseed oil. 
In commerce many so-called white lead paints are found made 
up with a minimum of genuine lead and a maximum of cheap 
materials, such as clay, carbonate of lime, carbonate of barium, 
sulphate of barium, oxide and sulphide of zinc, etc., and ground, 
not with good linseed oil alone, but with a mixture of linseed 
with mineral oils. Eosin oil and rosin spirit are also used 
as adulterants. The following form of analysis, devised by 
Stillman, and which gives very reliable results, will enable 
an estimate to be made of the value of a sample submitted. 
Into a 150 c.c. flask weigh 10 grms. of the paint to be ex- 
amined, and add 50 c.c. of ether by means of a pipette, shake 
to mix the whole together, then cork and set aside for two 
hours. Then pour the contents on to a filter, collecting the 
filtrate in a tared beaker, wash the flask completely with 
ether, and add the washings to the filter. The residue on 
the filter contains the whole of the mineral matter of the 
paint, while in the filtrate are found the oils used. Label 
the filter No. 1, and place on one side, and proceed with the 
filtrate as follows : — Place the beaker containing the filtrate 
in the air oven and heat to 105** C, which evaporates the ether 
and any moisture present, and re-weigh. The result is the 
total weight of oil or oils present in the sample. If mineral 
oil has been found during a qualitative testing, add to the 
tared beaker about 50 c.c. of an alcoholic solution of potash, 
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and evaporate in the air oven until the whole of the alcohol 
is expelled; the result is the formation of a soap by the 
saponification of the linseed oil present, the mineral oil 
remaining unacted on. Now add 60 c.c. of water to dissolve 
the soap, and transfer the contents of the beaker to a separat- 
ing funnel, with the addition of about 30 c.c. of ether. Shake 
well and set aside for ten hours to allow a complete separa- 
tion. The water, in which is dissolved the soap formed, is 
now drawn ofiF, leaving the mineral oil unsaponified in the 
ether solution. Draw off the latter into a tared porcelain 
dish and evaporate in the air oven at 105° C. for eight hours, 
and then re-weigh the dish. The difference in weight 
indicates the amount of mineral oil present, and this, sub- 
tracted from the total weight of oils found, gives the amount 
of linseed oil present in the sample. 

Example — 

10 grams, of sample taken. 
Total weight of oils found .... 2*500 grms. 
Weight of mineral oil found . . . '606 „ 

Leaving linseed oil . . . . 1 '894 „ 
The percentage then is 1*894 x 10 = 18*94 linseed oil. 

•606 X 10 = 6-06 mineral oil. 

The filter No. 1 is treated as follows : — 

The residue on the filter contains all the mineral present 
in the paint. It is dried, and the paper and contents then 
placed in a beaker and treated with hot acetic acid ; a little 
water is added, and the whole brought nearly to the boil, 
then filter and wash with boiling water. 

The residue on the filter may contain any sulphates of 
baryta, lead or lime, clay, silica, etc. ; place on one side, and 
label No. 2. The filtrate contains lead, zinc, barium, and 
lime, previously existing in the paint as carbonates. Add 
sulphuretted hydrogen water until no further precipitate is 
14 
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produced, and filter, washing the precipitate with the same 
re-agent. Mark the filtrate No. 2, and place on one side. 
The residue contains lead and zinc as sulphides, which are 
completely dissolved in nitric acid; sulphuric acid is then 
added, and the liquor evaporated nearly to dryness on a 
water-bath; add a little water and wash the whole on to a 
filter, wash with hot water, dry, ignite, and weigh as sulphate 
of lead (PbSOJ, and from the data obtained calculate to the 
basic carbonate of lead (2PbC03.PbH202). The filtrate 
contains the zinc, the solution is made alkaline with car- 
bonate of soda, and then boiled ; the precipitate of carbonate 
of zinc is collected on a filter, washed until free from 
alkali with hot water, and it is then dried, ignited, and 
weighed as oxide (ZnO). If sulphide of zinc has been 
found in the qualitative test to have been used with the 
oxide, the calculation is then made on the oxide and sulphide 
of zinc (ZnO . ZnS). The filtrate marked No. 2 is now 
boiled to get rid of the sulphuretted hydrogen, hydrochloric 
acid added to excess, and then dilute sulphuric acid ; the 
precipitate of sulphate of barium is filtered, washed with hot 
water, dried, and weighed as sulphate of barium (BaS04). 
If the barium salt existed as carbonate in the original sample, 
it is calculated as BaCOg. In the filtrate, which is rendered 
alkaline with ammonia, the lime is precipitated as oxalate by 
the addition of oxalate of ammonia, and the precipitate, after 
washing and drying, is ignited in a muffle furnace and 
weighed as lime, from which the carbonate (CaCOg) is cal- 
culated. The residue on the filter marked No. 2 is now 
transferred to a small flask, and digested in the cold for 
twelve hours with a saturated solution of carbonate of 
ammonia, or, still better, a few lumps of the carbonate are 
added. Filter and wash well, throw away the filtrate, and 
treat the residue with hot acetic acid in a small flask, 
then filter. The residue contains sulphate of barium, silica. 
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and clay ; label No. 3, and place on one side ; the filtrate 
contains the lead and lime acetates. Saturate the solution 
with sulphuretted hydrogen, whereby the lead is precipitated 
as sulphide. Filter off the precipitated sulphide, wash with 
sulphuretted hydrogen, dry, and then transfer the residue to 
a porcelain crucible ; add nitric acid and evaporate with a 
few drops of sulphuric acid nearly to dryness ; add a little 
water, and wash the contents of crucible on to a filter ; wash 
with hot water, dry, ignite, and weigh as sulphate of lead 
(PbSOJ. The filtrate from the lead precipitate is boiled to 
expel the sulphuretted hydrogen, and then rendered alkaline 
with ammonia ; oxalate of ammonia is now added, and the 
precipitated oxalate of lime is washed, dried, ignited in a 
muffle furnace, and weighed as lime (CaO), and then calcu- 
lated to sulphate (CaSOJ. The residue on the filter marked 
No. 3 is dried, then transferred to a platinum crucible and 
fused with anhydrous carbonate of soda ; cool, and then place 
crucible and contents in a small beaker; add a little water, 
and heat to nearly 100°C. Filter and wash well the 
residue. The filtrate contains the silica and alumina com- 
bined with the alkali, while the residue on the filter is 
carbonate of barium. Dissolve the barium precipitate in 
hydrochloric acid, dilute with a little water and add excess 
of sulphuric acid. The precipitate of sulphate of barium is 
washed, dried, ignited, and weighed as BaSO^. The residue 
on the filter is acidified with hydrochloric acid and evapor- 
ated to dryness on the water-bath, a few drops more of the 
acid added and a little hot water, and the whole contents of 
the basin washed on to a filter. The residue is gelatinous 
silica, which is washed, dried, ignited, and weighed as SiOg. 
In the filtrate, which is made alkaline with ammonia, and 
the precipitate boiled, filter, wash, dry, and ignite as AlgOg. 
Calculate the amount found to clay Al2(Si03)2. 
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Linseed Oil, 

The inferior qualities of a linseed oil may not only be 
derived from the quality of the seed expressed, but also from 
its admixture with mineral and other oils, which are pur- 
posely added for profit. 

The following is a complete testing of linseed ' oil to 
determine its quality : — 

(a) Specific Gravity, — The density should be "930 at 
15'a 

(6) Solidifying Point, — From - 20° to - 27° C. 

(c) Colour Re-action with Strong Sulphuric Add, — On 
adding one drop of the acid to a few drops of the oil placed 
in a watch-glass, resting on a sheet of white paper, the 
colour changes to blackish-brown. 

(d) Mineral Oil. — -The mineral oil present is estimated 
by weighing into a beaker 10 grms. of the oil, and adding 
50 c.c. of an alcoholic solution of potash (80 grms. KHO to 
1 litre of 98 per cent, alcohol); heat on the water-bath for 
fifteen minutes, with frequent stirring, and then add 50 c.c. of 
water and allow to cool. On cooling, 30 c.c. of ether are 
mixed with the soap solution, and the contents of the beaker 
are transferred to a separating funnel. Shake well, and 
allow to stand for two hours. The two layers of liquid 
represent (1) the ether solution containing the mineral oil, 
and (2) the soap solution containing the fatty acids. The 
ether solution is run into a tared flask, which is placed in an 
air oven and heated to 105° C. for eight hours. On cooling, 
the flask is re-weighed, the difference in the two weighings 
representing the amount of mineral oil in the sample 
taken. 

In the soap solution, the fatty acids forming the linseed 
and any other fat oil added are determined according to the 
method described on page 208. 
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(e) Elaidin Test, — This test depends on the production of 
a solid elaidin by the action of nitric acid on the olein of 
fatty oils other than linseed oil. With the latter a 
liquid product solely is formed. Poutet and Archbutt, make 
the test by dissolving 1 c.c. of mercury in 1 2 c.c. cold nitric 
acid, taking 2 c.c. of the solution and adding it to 50 c.c. of the 
oil to be tested, placed in a flask. The temperature is kept 
at 10° to 15° C, and the contents are agitated every ten 
minutes for two hours. The mixture should remain liquid 
with pure oil. 

(/) Dryvrvg Properties. — To ascertain the drying qualities 
of the sample of oil, 5 grms. are weighed into a shallow 
porcelain dish, or preferably a watch-glass, to a temperature 
of 100° C, in a water oven, for four hours; the oil should 
then become thick and refuse to flow, with a tendency to 
" skin " on the surface. The increase of weight from ab- 
sorption of oxygen will average '25 per cent, per hour in 
a pure oil. 

(g) Saponification Value, — The saponification value of an 
oil is the number of grammes of oil decomposed by a normal 
solution of potash (KHO) or soda (NaHO), and it is found 
by dividing the percentage of potash or soda required for 
saponification into 5610 for the former and 4000 for the 
latter. With the presence of mineral oil the saponifica- 
tion value of a so-called linseed oil is lowered in propor- 
tion to the amount present, owing to the non-saponifiable 
nature of the added oil. From this diflference in saponifica- 
tion value the percentage amount of the adulterant may be 
calculated. The values for good raw and boiled oil are 
193 and 190 respectively. 

Oil of Turpentine. 

Commercial oil of turpentine is very often adulterated 
with light tar oils, petroleum spirit, and resin spirit. For 
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their detection the refractometer is used. This instrument, 
invented by Jean and Amagat (see full instructions for use 
in Dr. Muter's articlr in Analyst, May 1890), is first set 
with good oil of turpentine, and then the genuine is run out 
of the prism and the sample is substituted. The presence of 
either light oil of tar or of petroleum spirit is shown by the 
powerful left-handed refraction produced. Thus 10 per 
cent, of light oil of tar present in the sample will produce a 
deviation of 40°, while the same amount of petroleum spirit 
will deviate about 15°. 

Pure American turpentine has a specific rotatory power 
of +21-5°. 

Colour Tests of Ground White Lead. 

To compare the shade of a sample with a standard 
ground lead, take a portion from each with a palette knife, 
and press together on a glass plate until the samples unite. 
The line of contact will be clearly marked if they are not 
identically of the same shade. 



Dry White Lead. 

Dry white lead is often found adulterated with the sul- 
phates and carbonate of barium, sulphate and carbonate of 
lime, clay, sulphate of lead, etc. 

These adulterants act mainly in lowering the density and 
opacity of the lead, and consequently in proportion to the 
amount present the white lead loses in covering power when 
applied with the brush. 

They are estimated by dissolving the sample in acetic 
acid and bringing the whole to the boil, then filtering and 
washing, and proceeding as in the residue No. 2 and filtrate 
No. 2 in the analysis of white lead paint (p. 208). 
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Red Lead. 

Eed oxide of iron and brick-dust are sometimes used to 
adulterate red lead. They are detected by the simple method 
given on page 121, or by dissolving the red lead in hot 
dilute nitric acid, when the brick-dust remains insoluble. 
The oxide of iron is found by boiling red lead in dilute 
hydrochloric acid, filtering, and adding a solution of ferro- 
cyanide of potassium ; a dark precipitate of Prussian blue 
indicates iron. 



[Tables. 
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TABLES. 



TABLE OF ATOMIC WEIGHTS. 



Element. 


Symbol. 


Atomic 
Weight. 

< 


Element. 


Symbol. 


Atomic 
Weight. 


AlumiDium 


Al. 


27 


Nickel 


Ni. 


58*7 


Antimony . 


Sb. 


119-9 


Niobium . 


Nb. 


93-9 


Arsenic 




As. 


75 


Nitrogen . 


N. 


14 


Barium 




Ba. 


137 


Osmium . 


Os. 


195 


Bismuth . 




Bi. 


208 


Oxygen 


0. 


16 


Boron 




B. 


10-9 


Palladium . 


Pd. 


106 


Cadmium . 




Cd. 


112 


Phosphorus 


P. 


31 


Caesium 




Cs. 


133 


Platinum . 


Pt. 


195-5 


Calcium . 




Ca. 


40 


Potassium . 


K. 


39-1 


Carbon 




C. 


12 


Rhodium . 


Rh. 


104-3 


Cerium 




Ce. 


141-5 


Rubidium . 


Rb. 


85-4 


Chlorine . 




CI. 


35-5 


Ruthenium 


Ru. 


103-8 


Chromium . 




Cr. 


52 


Scandium . 


Sc. 


44 


Cobalt 




Co. 


68-7 


Selenium . 


Se. 


79 


Copper 
Didymium 




Cu. 


63 


Silicon 


Si. 


28 




Di. 


145 


Silver 


Ag. 


108 


Erbium 




E. 


166-4 


Sodium 


Na. 


23 


Fluorine 




Fl. 


19 


Strontium . 


Sr. 


87-5 


Gallium 




Ga. 


70-1 


Sulphur 


S. 


32 


Glucinum 




Gl. 


9-1 


Tantalum . 


Ta. 


182-7 


Gold . 




Au. 


197 


Tellurium . 


Te. 


128 


Hydrogen 




H. 


1 


Thallium . 


Tl. 


204 


Indium 




In. 


113-7 


Thorium . 


Th. 


232-5 


Iridium 




Ir. 


193 


Tin . 


Sn. 


117 


Iron . 




Fe. 


56 


Titanium . 


Ti. 


48 


Tianthanun 




La. 


138-9 


Tungsten . 


W. 


184 


Lead . 




Pb. 


207 


Uranium . 


U. 


240-5 


Lithium 




Li. 


7 


Ytterbium . 


Yb. 


173 


Magnesium 


Mg. 


24 


Yttrium . 


Y. 


89-8 


Manganese 


Mn. 


55 


Zinc . 


Zn. 


65 


Mercury . 


Hg. 


200 


Zirconium . 


Zr. 


90-6 


Molybaenu 


m 


Mo. 


96-2 
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TABLE OF THE COMBINATION OF COLOURS TO PRODUCE A 

REQUIRED TINT. 

The first-named colour is the principal ingredient, and the others follow in the 
order of their importance. Thus, in mixing a limestone tint, white is the 
principal ingredient, and red the colour least needed. The exact propor- 
tion of each depends on the shade required (Dick). 



Compound Colours. 




Simple Colours Needed. 


Buff 


White ; yellow ochre ; red. 


Chestnut . 










Red ; black ; yellow. 


Chocolate 










Raw umber ; red ; black. 


Claret . 










Red ; umber ; black. 


Copper . 










Red ; yellow ; black. 


Dove 










White ; Vermillion ; blue ; yellow. 


Drab 










White ; yellow ochre ; red ; black. 


Fawn 










White ; yellow ; red. 


Flesh . 










White ; yellow ochre ; vermillion. 


Freestone 










Red ; black ; yellow ochre ; white. 


French grey 










White ; Prussian blue ; lake. 


Gold 










White ; stone ochre ; red. 


Green bronze 










Chrome green ; black ; yellow. 


Green pea 










White ; chrome green. 


Grey 










White lead ; black. 


Lemon . 










White ; chrome yellow. 


Limestone 










White ; yellow ochre ; black ; red. 


Olive . 










Yellow ; blue ; black ; white. 


Orange . 










Yellow ; red. 


Peach 










White ; black ; blue. 


Pink 










White ; vermillion ; lake. 


Purple . 










Violet, with more red and white. 


Rose 










White ; madder lake. 


Sandstone 










White ; yellow ochre ; black ; red. 


Snuff 










Yellow ; Vandyke brown. 
Red ; blue ; white. 


Violet . 











TABLE SHOWING THE PERCENTAGE AMOUNTS BY WEIGHT OF 
DIFFERENT PIGMENTS REQUIRED TO PRODUCE VARIOUS 
TINTS WITH ZINC WHITE (Payen). 

Tint. Composition. 

Azure blue 



Pearl blue 


1 „ charcoal. 


Slate blue . 


. 100 parts zinc dust. 


Straw yellow 


2^ „ lead chromate. 


Chamois . 


3 „ yellow ochre. 
\3 „ cinnabar. 


Lemon yellow . 


'2^ „ chrome yellow. 
\2J „ Prussian blue. 


Gold colour 


10 „ chrome yellow. 


Water green 


8 „ Prussian blue. 
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Tint. 




Composition. 


Grass green ^^^ P*^*^ chrome yellow. 

8 „ Prussian blue. 


^,. (50 „ yellow ochre. 
Olive green . . . . -^ , « . , , , 

(^ J 2 „ ivory black. 


/ 50 „ yellow ochre. 


-r> I 12 „ chrome yellow. 
Bronze green . . . - I ^ ^ . ,, 

1 6 „ Prussian blue. 


1 6 „ ivory black. 


TABLE OF THERMOMETRIC DEGREES. 


Centigrade. 


Fahrenheit. 


Reaumur. 


Freezing 0° 


Freezing 32° 


Freezing 0° 


5° 


41° 


4° 


10' 


50° 


8" 


15° 


59° 


12° 


20° 


68° 


16° 


25° 


77° 


„ 20° 


30° 


86° 


24° 


35° 


95° 


28° 


40° 


104° 


32° 


45° 


;, 113° 


36° 


50° 


122° 


40° 


55° 


131° 


44° 


60° 


140° 


48° 


65° 


149° 


52° 


70° 


158° 


56° 


75° 


167° 


60° 


80° 


176° 


64° 


85° 


185° 


68° 


90° 


194° 


72° 


95° 


203° 


76° 


Boiling 100° 


Boiling 212° 


Boiling 80° 


Rides for Convei^sion. 


Fahrenheit to Centigrade . . ^ ' — C. 


Fahrenheit to Reaumur . . . ^ _ z = R. 


Centigrade to Fahrenheit . . ^^ ^ + 32 = F. 




Centigrade to Reaumur . . . — — = R. 




RftaiinniiT to Fahrftiiheit . + 32 — F. 
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TABLE SHOWING THE HEAT AND ELECTRICAL CONDUCTING 

POWER OF WELL-KNOWN METALS. 

Order of Heat Conducting 
Power. 

Gold. 



Platinum. 

Silver. 

Copper. 

Iron. 

Zinc. 

Tin. 

Lead. 



Order of Electrical Conducting 
Power. 

Copper. 

Gold. 

Silver. 

Zinc. 

Platinum. 

Iron. 

Tin. 

Lead. 



TABLE SHOWING PERCENTAGE COMPOSITION OF SOME CLASSES 
OF BUII^DING STONES (Daniell and Wheatstone). 



Nature of Stone. 


Sandstones. 


Magnesian 
Limestones. 


Oolites. 


Name of Locality'. < 


Darley 
Dale. 


Heddon. 


Park 
Nook. 


Bolsover. 


Bath 
Box. 


Ketton. 


Silica .... 
Carbonate of lime . 
Carbonate of magnesia . 
Iron and alumina . 
Water and loss 
Bitumen .... 


96-40 
0-36 

1-30 
1-94 

» • • 


95-10 
0-80 

2-30 
1-80 

• • • 


55-70 

41-60 

0-40 

2-30 

• t • 


3-60 

51-10 

40-20 

1-80 

3-30 

• • • 


94-52 
2-50 
1-20 
1-78 

traces 


92-17 
4-10 
0-90 
2-83 

traces 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



TABLE OF THE ALLOYS OF LEAD, TIN, AND BISMUTH, AND 

THEIR MELTING-POINTS. 





Parts Lead. 


Parts Tin. 


Parts Bismuth. 


-J— 
Melting-Point Fahr. 




25 







558° 




10 







541° 




5 







511° 




3 







482° 




2 







441° 




1 







370* 




1 


n 


; 


334° 


1 


1 


2 





340° 




1 


3 





356° 
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TABLE OF THE ALLOYS OF LEAD, ETC,—C(miin'ued. 



Parts Lead. 

1 

1 


Parts Tin. 
4 


Parts Bismuth. 



Melting-Point Fahr. 


365" 


1 


5 





378° 


1 


6 





381" 


4 


4 


1 


320" 


3 


3 


1 


310" 


2 


2 


1 


292" 


1 


1 


1 


254" 


2 


1 


2 


236" 


3 


5 


3 


202" 


5 


3 


8 


197" 



TABLE OF THERMAL EQUATIONS FOR THE METALLURGICAL 
OPERATIONS IN LEAD AND ZINC SMELTING (Roberts-Austen). 



1) PbS +30 
17-8 

2) PbSO^ + PbS 
216-2 17-8 

3) PbS04 + 2C 
216-2 

4) 2PbO +PbS 
2x51 17-8 

5) PbS +Fe 
17-8 

6) 2PbO +C 
2x51 

7) PbO +C0 
51 29 

8) PbS +3PbS04 : 
17-8 3x216-2 



Lead, 

= PbO + SO2. 

51 71 

= 2S02 +2Pb. 

2x71 
= 2C02 +PbS. 

2x97 17-8 



= 3Pb 



= Pb 



= 2Pb 



= Pb 



+ SO2. 

71 
+ FeS. 

23-8 
+ CO0. 

97 
+ CO2. 



97 
= 4PbO +4SO2. 
4x51 4x71 

Zinc. 



+ 104-2. 

- 92-0. 

- 4-4. 

- 48-8. 
+ 6-0. 

- 5-0. 
+ 17-0. 
- 180-4. 



(1) ZnO + C =Zn + CO. 

86-4 29= -57-4. 

(2) ZnO + CO = Zn + CO2. 

86-4 29 97= -18-4. 



ANALYSIS OF RAW AND FINISHED PRODUCTS 221 



TABLE OF THE PHYSICAL PROPERTIES OF METALS. 



Name of Metal. 


Weight of a Ob. In. 
in Lbs. 


Tenacity in Lbs. 
per Sq. In. 


Crushing Force in 
Lbs. per Sq. In. 


Antimony 


•242 


1,066 


• • • 


Bismuth . 


•35 


3,250 


• • • 


Brass (cast) 


•30 


17,978 


10,300 


Copper (cast) . 


•32 


19,072 


11,700 


Gold 


•70 


20,400 


• • « 


Gun metal 


•30 


36,000 


• « • 


Iron (wrought) 


•28 


60,000 


38,000 


Lead (cast) 


•41 


1,824 


7,000 


Mercury . 


•49 


• • ■ 


• • • 


Silver 


•38 


41,000 


• • • 


Steel 


•28 


12,000 


■ • * 


Tin ... 


•26 


5,000 


15,000 


Zinc 


•25 


8,000 


• • • 



TABLE OF THE WEIGHTS OF VARIOUS MINERALS. 

1 cb. ft. of water weighs 624 lb. at a temperature of 60° F. By ascertaining 
the spec. gray, of a substance and multiplying with 62^, the exact weight 
of 1 cb. ft. in lbs. is obtained. 



Mineral. 


Lbs. (Avoird.) 
1 Ob. Ft. 
Weighs. 


1 

Mineral. 


Lbs. (Avoird.) 
1 Cb. Ft. 

Weighs. 


Anthracite coal . 


94 


Calamine . 


190 


Grey copper 


300 


Fluor spar. 


186 


Antimonial silver 


600 


Flint 


110 


Arsenical iron pyrites . 


370 


Galena 


465 


Barytes 


310 


Limestone (hydraulic) 


150 


Witherite . 


248 


,, (magnesian) 


130 


Building stone com- 




Iron pyiites 


280 


prising granite. 




Tin ore . . . 


434 


gneiss, syenite, etc. 


186 


Red zinc ore 


331 
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LEAD AND ITS COMPOUNDS 



TABLE OF THE WEIGHTS OF 1 SQUARE FOOT OF LEAD AND 
COPPER IN LBS., FROM tjV TO i INCH IN THICKNESS. 



Thickness. 


Lbs. Lead. 


Lbs. Copper. 




njV inch 


1-85 


1-45 




iV „ 


3-70 


2-90 




a 


5-54 


4-35 




i „ 


7-39 


5-80 




A „ 


9-24 


7-26 




:i 
Iff j> 


11-08 


8-71 




U^ „ 


12-93 


10-16 




i „ 


14-77 ^ 


11-61 







16-62 


13-07 




s 
Iff n 


18-47 


14-52 




^i „ 


20-31 


15-97 




S M 


22-16 


17-41 




1.1 
Tiff >1 


24-00 


18-87 




A „ 


25-85 


20-82 




il „ 


27-70 


21-77 




h „ 


29-55 


23-22 



TABLE SHOWING IN THEIR ORDER THE COMPARATIVE 
PROPERTIES OF WELL-KNOWN METALS. 



Order of 
Malleability. 



Gold 

Silver 

Copper 

Tin 

Cadmium 

Platinum 

Lead 

Zinu 

Iron 

Nickel 

Potassium 



Order of 


Order of 


Order of 


Order of 


Ductility. 


Brittleness. 


Tenacity. 


Fusibility. 


Gold 


Antimony 


Iron 


Tin 


Silver 


Arsenic 


Copper 


Bismuth 


Platinum 


Bismuth 


Platinum 


Lead 


Iron 


Chromium 


Silver 


Zinc 


Copper 


Cobalt 


Gold 


Antimony 


Zinc 


Manganese 


Zinc 


Silver 


Tin 


Molybdenum 


Tin 


Copper 
Gold 


Lead 


Tellurium 


Lead 


Nickel 


Titanium 


« • • 


Iron 


Palladium 


Tungsten 


• • • 


Nickel 


• • • 


Uranium 


• • • 


Manganese 



THE END. 
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THE PRACTICAL COMPOUNDING OF OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. 100 pp. 1898. Demy 8vo. Price 7s. 6d. ; 
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IV., Comoound Oils.- V., Veiretable Oils.- VI.. Lamp Oils.— VII.. Ensrlne Tallow, 
Solidified Oils and Petroleum Jelly.— VIII., Machinery Qreases: Loco and Anti- 
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Press Opinions. 

'* This work is written from the standpoint of the oil trade, but its perusal will be found very 
useful by users of machinery and all who have to do with lubricants in any way." — CoUiery 
Guardian. 

'■* The properties of the different grades of mineral oil and of the animal and vegetable non- 
drying oils are carefully described, and the author justly insists that the peculiarities of the 
machinery on which th^lubricants are to be employed must be considered almost before every- 
thing else. . . . The chapters on grease and solidifled oils, etc., are excellent." — The Ironmonger, 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
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'* We think it is the most practical book on tnese subjects that has come to us from England 
so fcir." — A merican Soap Journal. 

** Much useful information is conveyed in a convenient and trustworthy manner which w^ill 
appeal to practical soap-makers."— C/t«m»ca/ Trade Journal. 

** Works that deal with manufacturing processes, and applied chemistry in particular, are 
always welcome. Especially is this the case when the material presented is so up-to-date as 
we find it here." — Bradford Observer. 

ANIMAL PATS AND OILS: Their Practical Production, 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. A Handbook for Manufiacturers 
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Press Opinions. 

"The descriptions of technical processes are clear, and the book is well illustrated and 
should prove useful." — Manchester Guardian. 

'* It IS a valuable work, not only for the student, but also for the practical manufacturer of 
oil and fat products."— -/oMrna/ of the A merican Chemical Society. 

"The work is very mlly illustrated, and the style throughout is in strong contrast to that 
employed in many such treatises, being simple and clear." — Shoe and Leather Record. 

" An important handbook for the * fat industrv,* now a large one."— Newcastle Chronicle, 

" The latest and most improved forms of machinery are in all cases indicated, and the many 
advances which have been made during the past years in the methods of producing the more 
common animal fats — lard, tallow and butter — receive due attention." — Glasgow Herald, 

VEGETABLE PATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. A Handbook for Oil Manufacturers 
and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil 
and Fat Industry in General. Translated from the German of Louis 
Edgar And^s. Ninety-four Illustrations. 340 pp. Second Edition. 
1902. Demy 8vo. Price 10s. 6d. ; India and Colonies, lis.; Other 
Countries, 12s. ; strictly net. 
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Statistical Data. General Properties of the Vegetable Pats and Oils. Estimation of the 
Amount of Oil in Seeds. Table of Vegetable Pats and Oils, with French and German 
Nomenclature, Source and Origin and Percentage of Pat in the Plants from which thev are 
Derived. The Preparation of Vegetable Pats and Oils : Storing Oil Seeds ; Cleaning the Seed. 
Apparatus for Grinding Oil Seeds and Fruits. Installation of Oil and Pat Works. Bx« 
traction Method of Obtaining Oils and Pats. Oil Extraction Installations. Press Moulds. 
Non-drying Vegetable Oils. Vegetable drying Oils. Solid Vegetable Pats. Pruits Yielding 
Oils and Pats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving the 
Press Improved Methods of ReBning with Sulphuric Acid and Zinc Oxide or Lead Oxide. 
Reflning with Caustic Alkalies, Ammonia, Carbonates of the Alkalies, Lime. Bleaching Pats 
and Oils. Practical Experiments on the Treatment of Oils with regard to Refining and 
Bleaching. Testing Oils and Pats. 

Press Opinions. 

"Concerning that and all else within the wide and comprehensive connection involved, 
this book must be invaluable to every one directly or indirectly interested in the matters it 
treats of."— Commerce. 

** A valuable and highly interesting book of reference." — Manufacturing Chemist. 

IRON - CORROSION, ANTI - FOULING AND ANTI- 

CORROSIVE PAINTS. By Louis Edgar And^s. Sixty- 
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corrosive Paints — Paints for Ship's Bottoms — Anti-fouling Compositions — Various Anti-cor* 
rosive and Ship's Paints — Official Standard Specifications lor Ironwork Paints — Index. 

Press Opinions. 

"This is a very valuable book." — Bristol Mercury. 

" Will be of great service to paint manufocturers, engineering contractors, ironfounders, 
shipbuilders and others." — Engineer and Iron Trades A dvertiser. 

" Deals with the subject in a manner at once practical and scientific, and is well worthy of 
the attention of all builders, architects and engineers." — The Builder. 

" The book is very readable and full of valuable information." — Railway Engineer, 

" The author goes fully into his subject."— /owrna/ of Gas Lighting. 

'* The book is an exceedingly useful recora of what has been done in connection with iron 
preservation, and will undoubtedly prove to be of much value to railway engineers, shipowners, 
etc*'— Fairplay. 

"Will be particularly useful to iron manufacturers, shipbuilders and shipowners. . . .**— 
Ironmonger. 

"... TIm book is a welcome contribution to technological literature." — Western Daily 
Mercury. 

" The author has evidently thoroughly investigated and mastered the subject of iron-corrosioot 
Its cause and its prevention." — Iron and Steel Trades Journal. 
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PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 

and Calico Printing, and their other Applications in the Arts, Manufac- 
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from the French of Lucien Geschwind. 195 Illustrations. Nearly 
400 pp. Royal 8vo. 1901. Price 12s. 6d. ; India and Colonies, 138. 6d. ; 
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Part I., Theoretical Stud^ of Aluminium, iron, and Compounds of- these Metals. 

— Chapters I., Aluminium and its Compounds. — II., Iron and Iron Compounds. 

Part II., Manufacture of Aluminium Sulphates and Sulphates of Iron.— Chapters III., 
Manufacture of Aluminium Sulphate and the Alums. — IV., Manufacture of Sulphates of Iron. 

Part III., Uses of the Sulphates of Aluminium and Iron.— Chapters V., Uses of 
Aluminium Sulphate and Alums— Application to Wool and Silk — Preparing and using Aluminium 
Acetates — Employment of Aluminium Sulphate in Carbonising Wool — The Manufacture of 
Lake Pigments — Manufacture of Prussian Blue — Hide and Leather Industry — Paper Making — 
Hardening Plaster— Lime Washes — Preparation of Non-inflammable Wood, etc. — Purifica- 
tion of Waste Waters.— VI., Uses and Applications of Ferrous Sulphate and Ferric 
Sulphates.— Dyeing— Manufacture of Pigments— Writing Inks— Purification of Lighting Gas 
— Agriculture — Cotton Dyeing — Disinfectant — Purifying Waste Liquors — Manufacture of 
Nordhausen Sulphuric Acid — Fertilising. 

Part IV., Chemical Characteristics of Iron and Aluminium.— Analysis of Various 
Aluminous or Ferruginous Products.— Chapter VI L, Aluminium.— Analvslng Aluminium 
Products.— Al unite Alumina — Sodium Aluminate — ^Aluminium Sulphate. Chapter VIII., Iron. 
—Analytical Characteristics of Iron Salts — Analysis of Pyritic Lignite — Ferrous and Ferric 
Sulphates^-Roi'-i Mordant — Index. 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C, Lecturer on Agricultural Chemistry, the 
Yorkshire College; Lecturer in the Victoria University. 388 pp. 11 
Illustrations. 1902. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 
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Chapters I., Introduction. — II., The Atmosphere. — III., The Soil. — IV., The Reactions 
ccurring in Soils. — ^V., The Analysis of Soils. — VI., Manures, Natural. — VII., Manures (con- 
tinued).— VIII., The Analysis of Manures.— IX., The Constituents of Plants.— X., The Plant. — 
JCI.. Crops. -XII., The Animal.— XIII., Foods and Feeding.- XIV., Milk and Milk Products.— 
XV., The Analysis of Milk and Milk Products. — XVI., Miscellaneous Products used in Agri- 
•culture. — Appendix. — Index. 

LUBRICATING OILS, FATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, P.C.S. Second Edition. 
Sixty-five Illustrations. 313 pp. Demy 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
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Chapters I., introductory. Oils and Pats, Fatty Oils and Fats, Hydrocarbon Oils, Uses 
of Oils. — II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation, 
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Napthenes. — III., Scotch Shale 
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales, 
Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale 
Naphtha Burning Oils, Lubricating Oils, Wax. — IV., Petroleum. Occurrence, Geology, Origin, 
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils, 
Russian Petroleum, Deblooming Mineral Oils.— V., Vesretable and Animal Oils. Intro- 
duction, Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal 
and Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining, 
Bleaching, Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oil, Cocoanut 
Oil, Castor Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, 
Whale Oil, Seal Oil, Brown Oils, Lardine, Thickened Rape Oil.— VI., Testinfl: and Adultera- 
tion of Oils. Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Vis- 
cosity Tests, Flash and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidtn 
Test, Melting Point of Fat, Testing Machines.— VII., Lubricating: Greases. Rosin Oil, 
Anthracene Oil, Making Greases, Testing and Analysis of Greases. — VIII., Lubrication. 
Friction and Lubrication, Lubricant, Lubrication of Ordinary Machinery, Spontaneous Com- 
bustion of Oils, Stainless Oils, Lubrication of Engine Cylinders, Cylinder Oils. — Appendices. 
A. Table of Baume's Hydrometer— B. Table of Thermometric Degrees — C. Table of Specific 
Gravities of Oils^lndez. 



THE UTILISATION OP WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Roller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Demy 
8vo. 280 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
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Residues in the Manufacture of Aniline Dyes.— IV., Amber Waste.— V., Brewers'. Waste.— 
VI., Blood and Slaughter-House Refuse.- VIL, Manufactured Fuels.— VIII., Waste Paper 
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Calamine Sludge.— XVL, Tannery Waste.— XVIL, Gold and Silver Waste.— XVI IL, India- 
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Waste.- XXL, Horn Waste.— XXIL, Infusorial Earth.— XXII L, Iridium from Goldsmith's 
Sweepings.- XXIV., Jute Waste.— XXV., Cork Waste.— XXVL, Leather Waste.— XXVIL, 
Glue Makers' Waste.— XXV HI., Illuminating Gas from Waste and the By-Products of the 
Manufacture of Coal Gas.— XXIX., Meerschum.— XXX., Molasses.— XXX I. , Metal Waste.— 
XXXIL, By-Products in the Manufacture of Mineral Waters.— XXXI I L, Fruit.— XXXIV., 
The By-Products of Paper and Paper Pulp Works.— XXXV., By-Products in the Treatment 
of Coal Tar Oils.— XXXVL, Fur Waste.— XXXVI L, The Waste Matter in the Manufacture of 
Parchment Paper.— XXXVI 1 1., Mother of Pearl Waste.— XXXIX., Petroleum Residues.— 
XL., Platinum Residues.— X LI. , Broken Porcelain, Earthenware and Glass.— XLIL, Salt 
Waste.— XLIIL, Slate Waste.— XLIV., Sulphur.— XLV., Burnt Pyrites.— XLVL, Silk Waste. 
XLVIL, Soap Makers' Waste.— XL VI 1 1., Alkali Waste and the Recovery of Soda.— XLIX., 
Waste Produced in Grinding Mirrors. — L., Waste Products in the Manufacture of Starch. — 
LL, Stearic Acid.— LIL, Vegetable Ivory Waste.— LIIL, Turf.— LIV., Waste Waters of Cloth 
Factories.— LV., Wine Residues.— LVL, Tinplate Waste.— LVIL, Wool Waste.— LVIIL, Wool 
Sweat. — LIX., The Waste Liquids from Sugar Works. — Index. 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 
and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 113 pp. 1901. Thirty-two Illustrations. Price 
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Products: 2. Human Urine as a Source of Ammonia. IL, Extraction off Ammoniacal 
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Tanks— The Lencauchez Process, The Bilange Process, The Kuentz Process ; 2. Treatment ol 
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and Muh£, Apparatus of Bilange, The Kuentz Process, Process and Apparatus of Hennebutte 
and De Vaurdal; 3. Treatment of Entire Sewage— Chevalet's Apparatus, Paul Mallet's 
Apparatus, Lencauchez's Apparatus. III., Extraction of Ammonia from Gas Liquor: 
Sections L Clarification of Gas Liquor; 2. Manufacture of Ammonium Sulphate — A. Mallet's 
Apparatus, A. Mallet's Modified Apparatus, Paul Mallet's Apparatus, Chevalet's Apparatus, 
Orijneberg's Apparatus ; 3. Concentration of Gas Liquor — Solvay's Apparatus, Kuentz's 
Apparatus, Griineberg's Apparatus. IV., Manufacture of Ammoniacal Compounds from 
Bones, Nitrogenous Waste, Beetroot Wash and Peat: Sections 1. Ammonia from Bones; 
2. Ammonia from Nitrogenous Waste Materials; 3. Ammonia from Beetroot Wash (Vinasse); 
4. Ammonia from Peat— Treatment of the Ammoniacal Liquors. V., Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate : Sections 1. 
Manufacture of Caustic Ammonia: 2. Manufacture of Ammonium Chloride — From Fermented 
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THE MANUFACTURE OF VARNISHES, OIL RE. 
FINING AND BOILING, AND KINDRED INDUS- 
TRIES. Describing the Manufacture of Spirit Varnishes 
and Oil Varnishes ; Raw Materials : Resins, Solvents and Colouring 
Principles ; Drying Oils : their Properties, Applications and Prepara- 
tion by both Hot and Cold Processes ; Manufacture, Employment and 
Testing of Different Varnishes. Translated from the French of Ach. 
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(3) Coloured Resi nates, (4) Coloured Oleates and Linoleates. — Gum Running : Furnaces, 
Bridges, Flues, Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Fans, Copper 
Vessels, Iron Vessels (Cast), Iron Vessels (Wrought), Iron Vesse» (Silvered), Iron Vessels 
(Bnamelled), Steam Superheated Plant, Hot-air Plant.— Spirit Varnish Manufacture: Cold 
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India Rubber Substitutes. — Printing Ink Manufacture —Lithographic Ink Manufacture. — 
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Cold of previously Fused Resin.— Dissolving Resins in Oil, etc., under pressure. —Filtration. 
— Clarification. — Storage. — Ageing. — Coachmakers' Varnishes and Japans.— Oak Varnishes. — 
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ARTIFICIAL COLOURS. By Francis H. Jennison, 
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'* Evidently the result of prolonged research. A valuable consulting work." — Derby Mercury. 
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(Lond.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 411 pp. 
1899. Demy 8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s.; strictly net. 

Contents. 

Chapters I., The Qeneral Properties of Essential Oils.— II., Compounds occurring 
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in Essential Oils.— III., The Preparation of Essential Oils.— IV., The Analysis o 
Essential Oils.— V., Systematic Study of the Essential Oils.— VI., Terpeneless Oils.— 
VII., The Chemistry of Artificial Perfumes.— Appendix : Table of Constants. 

Press Opinions. 

" Will take a high place in the list of scientific text-books." — London A rgus. 

•• We can heartily recommend this volume." — British and Colonial Druggist. 

" Mr. Parry has done good service in carefully collecting and marshalling the results of the 
numerous researches published in various parts of the world." — Pharmaceutical Journal. 

** At various times monographs have been printed by individual workers, but it may safely 
be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . ." — Chemist and Druggist. 

COSMETICS. Translated from the German of Dr. Theodor 
KoLLER. Crown 8vo. 262 pp. 1902. Price 5s. ; India and Colonies, 
5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Preface.— Chapters I., Purposes and Uses of, and Ingredients used in the Preparation of Cos- 
metics. — II., Preparation of Perfumes by Pressure, Distillation, Maceration, Absorption or Bn- 
fleurage, and Extracition Methods — III., Chemical end Animal Products used in the Preparation 
of Cosmetics. — IV., Oils and Fats used in the Preparation of Cosmetics.— V., General Cosmetic 
Preparations. — VI., Mouth Washes and Tooth Pastes. — VII., Hair Dyes, Hair Restorers and 
Depilatories. — VIII., Cosmetic Adjuncts and Specialities — Colouring Cosmetic Preparations. — 
IX., Antiseptic Washes and Soaps— Toilet and Hygienic Soaps.— -A., Secret Preparations for 
Skin, Complexion, Teeth, Mouth, etc. — XL, Testing and Examining the Materials Employed in 
the Manufacture of Cosmetics. — Index. 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehner. 
Three Illustrations. Crown 8vo. 162 pp. 1902. Translated from the 
German of the Fifth Edition. Price 5s. ; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. net. 

Contents. 

Chapters I., Introduction. — II., Varieties of Ink. — III., Writing Inks. — IV., Raw Materials of 
Tannin Inks. — V., The Chemical Constitution of the Tannin Inks. — VI., Recipes for Tannin 
Inks. — VII., Logwood Tannin Inks. — VIII., Ferric Inks. — IX., Alizarine Inks. — X., Extract 
Inks. — XI., Logwood Inks. — XII., Copying Inks. — XIII., Hektographs. — XIV., Hektograph 
Inks. — XV., Safety Inks, — XVI., Ink Isxtracts and Powders. — XVII., Preserving Inks. — 
XVIII., Changes in Ink and the Restoration of Faded Writing.— XIX., Coloured Inks.— XX., 
Red Inks.— XXL, Blue Inks.— XXII., Violet Inks.— XXIIL, Yellow Inks.— XXIV., Green 
Inks.— XXV., Metallic Inks.— XXVL, Indian Ink.— XXVIL, Lithographic Inks and Pencils.— 
XXVIII., Ink Pencils.— XXIX., Marking Inks.— XXX., Ink Specialities.- XXXI., Sympathetic 
Inks. — XXXI I., Stamping Inks. — XXXI II., Laundry or Washing Blue.— Index. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Andes. A Practical Work 

for Manufacturers of Oils, Varnishes, Printing Inks, Oilcloth and Lino- 
leum, Oilcakes, Paints, etc. Expressly Written for this Series of Special 
Technical Books, and the Publishers hold the Copyright for English and 
Foreign Editions. Forty-two Illustrations. 342 pp. 1901. Demy 8vo. 
Price 12s. 6d. ; India and Colonies, Ids. 6d. ; Other Countries, 15s. ; 
strictly net. 
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Contents. 

Chapters I., General Chemical and Physical Properties of the Drying Oils ; Cause of the 
Drying Property ; Absorption of Oxygen ; Behaviour towards Metallic Oxides, etc. — II., The 
Prtxpertiies of and Methods for obtaining the Drying Oils. — III., Production of the Drying Oils 
by expression and Extraction ; Refining and Bleaching ; Oil Cakes and Meal ; The Renninff 
and Bleaching of the During Oils ; The Bleaching of Linseed Oil. — IV., The Manufacture or 
Boiled Oil ; The Preparation of Drying Oils for Use in the Grinding of Paints and Artists* 
Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold 
Process, by the Action of Air, and by Means of the Electric Current; The Driers used in 
Boiling Linseed Oil ; The Manufacture of Boiled Oil and the Apparatus therefor ; Livache's 
Process for Preparing a Good Drying Oil and its Practical Application. — V., The Preparation 
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water- 

groof Fabrics ; The Manufacture or Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat» 
Superheated Steam, and by a Current of Air. — VI., Behaviour of the Drying Oils and Boiled 
Oils towards Atmospheric Influences, Water, Acids and Alkalies. — VII., Boiled Oil Substitutes. 
— VIII., I'he Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolic 
Acid Compounds of '^he Driers. — IX., The Adulteration and Examination of the Drying Oils 
and Boiled Oil. 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELB. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. 1901. Price 5s.; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Memoir: C. W. Scheele and his work (written for this edition). — Chapters I.» On Fluor 
Mineral and its Acid. — II., On Fluor Mineral. — III., Chemical Investigation of Fluor Acid» 
with a View to the Earth which it Yields, by Mr. Wiegler. — IV., Additional Information 
Concerning Fluor Minerals. — V., On Manganese, Magnesium, or Magnesia VitrariorunK 
— VI., On Arsenic and its Acid. — VII., Remarks upon Salts of Benzoin — VIII., On Silex^ 
Clay and Alum — IX.. Analysis of the Calculus Vesical. — X., Method of Preparing Mercurius 
Dulcis Via Humida. — XI., Cheaper and more Convenient Method of Preparing Pulvis 
Algarothi. — XII., Experiments upon Molybdaena. — XIII., Experiments on Plumbago. — XIV., 
Method of Preparing a New Green Colour. — XV., Of the Decomposition of Neutral Salts by 
Unslaked Lime andiron. — XVI., On the Quantity of Pure Air which is Daily Present in our 
Atmosphere. — XVII., On Milk and its Acid. — XVIII., On the Acid of Saccharum Lactis. — 
XIX., On the Constituent Parts of Lapis Ponderosus or Tungsten. — XX.^ Experiments and 
Observations on Ether. — Index. 

Press Opinions., 

" We would recommend the book as a refreshing recreation to the hard-worked student op 
investigator of the present day." — Chemical Neius, 

" The present reissue renders accessible a very complete record of the researches of the 
great chemist." — Chemical Trade Journal. 

" Written in a manner that cannot fail to entertain even those whose knowledge of chemical 
lore is of a very elementary character." — Widnes Weekly News. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 

Lond., F.I.C. Fourteen Engravings. 144 pp. DemySvo. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s.; strictly net. 

Contents. 

Chapters I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin 
and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties. — II., Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing 
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and or 
Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc.« Secondary Pro- 
ducts. — III., Uses of Qlue : Selection and Preparation for Use,. Carpentry, Veneering, 
Paper-Making, Bookbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper^ 
etc.. Substitutes for other Materials, Artificial Leather and Caoutchouc. — IV., Gelatine: 
General Characters, Liquid Gelatine, Photographic Uses, Size^ Tanno-, Chrome and Formo- 
lielatine. Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi- 
cinal and other Uses, Bacteriology. — V., Qlue Testing: Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation of Ravr Materials. — VI., Commercia 
Aspects. 

Press Opinions. 

" This work is of the highest technical character." — Carpenter and Builder. 
" Dr. Rideal's book must be regarded as a valuable contribution to other technical literature^ 
which manufacturers, merchants and users may study with profit..** — British Trade Journal. 

TECHNOLOGY OF PETROLEUM: Oil Fields of the 

World — Their History, Geography and Geology — Annual Production 
and Development — Oil-well Drilling — Transport. By Henry Neu- 
BERGER and Henry Noalhat. Translated from the French by J. G. 
MclNTOSH. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo. 1901. 
Price 21 8. ; India and Colonies, 22s. ; Other Countries,. 23s. 6d. ; 
strictly net. 



Contents. 

Part I., Study of the Petroliferous Strata — Chapters I., Petroleum — Definition. — II., 
The Genesis or Origin of Petroleum. — III., The Oil Fields of Galicia, their History. — IV., 
Physical Geography and Geology of the Galician Oil Fields. — V., Practical Notes on Galician 
Land Law — Economic Hints on Working, etc. — VI., Roumania — History, Geography, Geology. 
— VII., Petroleum in Russia — History. — VIII., Russian Petroleum (conttnued)— Geography and 
Geology of the Caucasian Oil Fields. — IX., Russian Petroleum {continued). — X., The Secondary 
Oil Fields of Europe, Northern Germany, Alsace, Italy, etc. — XI., Petroleum in France. — XII., 
Petroleum in Asia — Transcaspian and Turkestan Territory — Turkestan — Persia — British 
India and Burmah — British Burmah or Lower Burmah — China — Chinese Thibet — Japan, 
Formosa and Saghalien. — XIII., Petroleum in Oceania — Sumatra, Java, Borneo — Isle of 
Timor— Philippine Isles — New Zealand. — XIV., The United States of America — History. — 
XV., Physical Geology and Geography of the United States Oil Fields.— XVI., Canadian and 
other North American Oil Fields. — XVII., Economic Data of Work in North America.— 
XVIII., Petroleum in the West Indies and South America. — XIX., Petroleum in the French 
Colonies. 

Part II., Excavations.— Chapter XX., Hand Excavation or Hand Digging of Oil Wells. 

Part III., Metliods of Borinfl:.— Chapters XXI., Methods of Oil-well Drilling or Boring. 
—XXII., Boring Oil Wells with the Rope.— XXIII., Drilling with Rigid Rods and a Free-fall- 
Fabian System.— XXIV., Free-fall Drilling by Steam Power.— XXV., Oil-well Drilling by the 
Canadian System.- XXVI., Drilling Oil Wells on the Combined Systed.— XXVII., Com- 
parison between the Combined Fauck System and the Canadian. — XXVIII., The American 
System of Drilling with the Rope. — XXIX., Hydraulic Boring with the Drill by Hand and 
Steam Power.— XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond 
Tools — Hand Power and Steam Power — Hydraulic Sand-pumping. — XXXI., Improvements 
«n and different Systems of Drilling Oil Wells. 

Part IV., Accidents. — Chapters XXXII., Boring Accidents — Methods of preventing them 
— Methods of remedying them. — XXXIII., Explosives and the use of the "Torpedo" Leviga- 
tion.— XXXIV., Storing and Transport of Petroleum.— XXXV., General Advice— Prospecting, 
Management and carrying on of Petroleum Boring Operations. 

Part v.. General Data.— Customary Formulae.— Memento. Practical Part. General 
Data bearing on Petroleum. — Glossary of Technical Terms used in the Petroleum Industry. — 
Copious Index. 

Press Opinions. 

"The book is undoubtedly one of the most valuable treatises that can be placed in the hands 
of all who desire a knowledge of petroleum." — Liverpool Journal of Commerce. 

" The book will undoubtedly take a high place m the literature of petroleum." — Liverpool 
Post. 

" We should like to say that the translator has accomplished his difficult task, so full of 
technical difficulties, with a great amount of success." — Petroleum. 

A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 

PREPARATIONS. By George H. Hurst, F.C.S. Demy 
Svo. 380 pp. 1901. Price 7s. 6d. ; India and Colonies, Ss. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

The names of the Chemicals and Raw Products are arranged in alphabetical order, and 
the description of each varies in length from half to eight pages. The following are some of 
the articles described and explained : Acetates — Acetic Acid — Acidimetry — Alcohol — Alum — 
Ammonia — Amber — Animi — Arsenic — Beeswax — Benzol — Bichromates of Potash and Soda — 
Bleaching Powder — Bone Black — Boric Acid — Brunswick Green— <^admium Yellow — Car- 
bonates — Carmine — Carnauba Wax — Caustic Potash and Soda — Chrome Colours — Clay — Coal 
Tar Colours — Copal — Dammar — Drying Oils — Emerald Green — Gamboge — Glue — Glycerine — 
Gums— Gypsum — Indian Red — Japanese Lacquer — Lac — Lakes — Lamp Black — Lead Com- 
pounds — Linseed Oil — Magnesia — Manganese Compounds — Mica — Nitric Acid— Ochres — 
Orange Lead — Orr's White — Paraffin— Prussian Blue — Rosin Oil — Sepia — Sienna — Smalts — 
Sodium Carbonate— Sublimed White Lead — Sulphuric Acid — Terra Verte — Testing Pigments 
— Turpentine — Ultramarine — Umbers — Vermilionettes — White Lead — Whiting — Zinc Com- 

C>unds. — Appendix: Comparison of Baumd Hydrometer and Specific Gravity for Liquids 
ighter than Water — Hydrometer Table for Liquids Heavier than Water — Comparison of 
Temperature Degrees — Tables for Converting French Metric Weights and Measures into 
English — Table of the Elements — etc., etc. — Copious Index. 

Press Opinions. 

" This treatise will be welcomed by those interested in this industry who have not secured 
the full advantage of a course of scientific training." — Chemical Trade Journal. 

" In concise and lucid terms almost every ingredient used in paint and colour manufacture 
is describe 1 together with the methods of testing their intrinsic and chemical value." — 
Pontefia t t.x press. 

"Such a book of reference for paint, colour and varnish manufacturers has long been 
ti cc ded." — Manchester Courier. 
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RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 

SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. 1902. Demy 8vo. Price 7s. 6d ; 
India and British Colonies, 8s. ; Other Countries, 8s. 6d ; strictly net. 

Contents. 

Compiler's Preface. — Sections I., Pigments or Colours for Paints, Lithographic and 
Letterpress Printing Inks, etc. — IL, Mixed Paints and Preparations for Paint-making, 
Painting, Lime-wasning, Paperhanging, etc. — III,. Varnishes for Coach-builders, Cabinet- 
makers, Wood-workers, Metal-workers, Photographers, etc. — IV., Soaps for Toilet, Cleansing, 
Polishing, etc. — V., Perfumes. — VI., Lubricatmg Greases, Oils, etc. — VII., Cements, Pastes, 
Glues and Other Adhesive Preparations. — VIII., Writing, Marking, Endorsing and Other Inl» 
— Sealing-wax and Office Requisites. — IX. Preparations for the Laundry, Kitchen, Stable and 
General Household Uses. — X., Disinfectant Preparations. — XI. Miscellaneous Preparations. — 
Index. 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Tndustries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. 1900. Price 5s. ; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils; 
Preparing Siccative Drying Oils. — II., Compressed Air; Whitewash. — III., Liquid Air; RetrO' 
cession. — IV., Purification of Water; Water Hardness. — ^V., Fleshings and Bones. — VI., Ozon- 
ised Air in the Bleaching and Deodorising of Pats, Glues, etc. ; Bleaching Textile Fibres. — 
Appendix: Air and Gases; Pressure of Air at Various Temperatures ; Fuel; Table of Com- 
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making 
Minerals; British Thermal Units Tables ; Volume of the Flo w of S team into the Atmosphere; 
Temperature of Steam.— Index. iS,^ rgg 'ilS^^trfe^ ^Hi^P^ "*f* - 

f&&~M:ANUFACTURE OF MINERAL AND LAKE 

PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated from the Second 
Revised Edition by Arthur C. Wright, M.A. (Oxon.), B.Sc. (Lond.), 
formerly Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy 
8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s.; strictly net. 

Contents. 

Chapters I., Introduction. — II., Physico-chemical Behaviour of Pigments. — III., Raw 
Materials Employed in the Manufacture of Pigments. — IV., Assistant Materials. — V., Metallic 
Compounds. — VI., The Manufacture ot Mineral Pigments. — VII., The Manufacture of White 
Lead.— VIII., Enamel White.— IX.. Washing Apparatus.— X^ Zinc White.— XL, Yellow 
Mineral Pigments.— XII., Chrome Yellow. — XIIL, Lead Oxide Pigments. — XIV., Other 
Yellow Pigments.— XV., Mosab Gold.— XVI., Red Mineral Pigments.— XVI I., The Manu- 
facture of Vermilion. — XVIIL, Antimony Vermilion. — XIX., Ferric Oxide Pigments. — XX.» 
Other Red Mineral Pigments. — XXI., Purple of Cassius. — XXII., Blue Mineral Pigments. — 
XXIIL, Ultramarine.— XXIV., Manufacture of Ultramarine. — XXV., Blue Copper Pigments. 
— XXVL, Blue Cobalt Pigments.— XXVI I., Smalts.— XXVIIL, Green Mineral Pigments.— 
XXIX., Emerald Green.— XXX., Verdigris.— XXXI.. Chromium Oxide.— XXX 1 1., Other 
Green Chromium Pigments. — XXXIII., Green Cobalt Pigments. — XXXIV., Green Man- 
ganese Pigments. — XXXV., Compounded Green Pigments. — XXXVI., Violet Mineral Pig- 
ments. — XXXVIL, Brown Mineral Pigments. — XXXVIIL, Brown Decomposition Products. — 
XXXIX., Black Pigments. — XL., Manufacture of Soot Pigments. — XLL, Manufacture of 
Lamp Black. — XLIL, The Manufacture of Soot Black without Chambers. — XLIIL, Indian 
Ink. — XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVL, Bronze Pigments — 
XLVIL, Vegetable Bronze Pigments. 

PiamENTS OP Organic Origin.— Chapters XLVIIL, Lakes. — XLIX., Yellow Lakes. — L.» 
Red Lakes. — LI., Manufacture of Carmine. — LI I., The Colouring Matter of Lac. — LI 1 1., Saf- 
flower or Carthamine Red. — LIV., Madder and its Colouring Matters. — LV., Madder Lakes. — 
LVI., Manjit (Indian Madder).— LVI I.. Lichen Colouring Matters.— LVI 1 1., Red Wood Lakes. 
— LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.— LX., Blue Lakes.— 
LXI., Indigo Carmine. — LXII., The Colouring Matter of Log Wood. — LXIII., Green Lakes. — 
LXIV., Brown Organic Pigments.— LXV., Sap Colours.— LX VI., Water Colours.— LXVI I., 
Crayons. — LXVIII., Confectionery Colours. — LXIX., The Preparation of Pigments for 
Painting.— LXX., The Examination of Pigments. — LXXI., Examination of Lakes. — LXXIL, 
The Testing of Dye- Woods.— LXX 1 1 1., The Design of a Colour Works.— LXXI V.— Commercial 
Names of Pigments. — Appendix : Conversion or Metric to English Weights and Measures. — 
Centigrade and Fahrenheit Thermometer Scales. — Index. 
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BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d. ; India and 
Colonies, 8s. ; Of her Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Chemical Composition of Bones — Arrangement of Factory — Crushine of Bones 
— Treatment with Benzene — Benzene in Crude Fat — Analyses of Clarified Fats — Mechanical 
Cleansing of Bones — Animal Charcoal — Tar and Ammoniacal Liquor, Char and Gases, from 
good quality Bones — Method of Retorting the Bones — Analyses of Chars — " Spent " Chars — 
Cooling of Tar and Ammoniacal Vapours — Value of Nitrogen for Cyanide of Potash — Bone 
Oil — Marrow Bones — Composition of Marrow Fat — Premier Juice — Buttons. — II., Properties 
of Glue — Glutin and Chondrin — Skm Glue — Liming of Skins — Washing — Boiling of Skins — 
Clarification of Glue Liquors — Acid Steeping of Bones — Water System of Boilmg Bones — 
Steam Method of Treating Bones — Nitrogen in the Treated Bones — Glue-Boiling and Clarify- 
ing-House — Plan showing Arrangement of Clarifying Vats — Plan showing Position of Evapora- 
tors — Description of Evaporators — Sulphurous Acid Generator— Clarincation of Liquors — 
Section of Drying-House — Specification of a Glue — Size — Uses and Preparation and Composi- 
tion of Size — Concentrated Size. — III., Properties of Gelatine — Preparation of Skin Gelatine 
— Washing — Bleaching — Boiling — Clarification — Evaporation — Drymg — Bone Gelatine — Se- 
lecting Bones — Crushing — Dissolving — Bleaching — Boiling — Properties of Glutin and Chondrin 
— ^Testing of Glues and Gelatines. — IV., The Uses of Glue, Gelatine and Size in Various 
Trades — Soluble and Liquid Glues — Steam and Waterproof Glues. — V., Manures — Importation 
of FoodStuflFs — Soils— Germination — Plant Life. — VI., Natural Manures — Water and Nitrogen 
in Farmyard Manure — Full Analysis of Farmyard Manure — Action on Crops — Water-Closet 
System — Sewage Manure — Green Manures. — VII., Artificiikl Manures — Bones — Boiled and 
Steamed Bones — Mineral Phosphates — English Coprolites — French and Spanish Phosphorites 
— German and Belgian Phosphates — Basic Slag — Guanos Proper — Guano Phosphates. — VIII., 
Mineral Manures--Common Salt — Potash Salts — Calcareous Manures — Prepared Nitrogenous 
Manures — Ammoniacal Compounds — Sodium Nitrate — Potassium Nitrate — Organic Nitro- 
genous Matters — Shoddy — Hoofs and Horns — Leather Waste — Dried Meat — Dried Blood — 
Superphosphates— Composition — Manufactu e — Section of Manure-Shed — First and Ground 
Floor Plans of Manure-Shed— Quality of Acid Used — Mixings — Special Manures — Potato 
Manure — Dissolved Bones — Dissolved Bone Compound — Enriched Peruvian Guano — Special 
Manure for Garden Stuffs, etc. — Special Manure for Grass Lands — Special Tobacco Manures 
— Sugar-Cane Manure — Compounding of Manures — Valuation of Manures. — IX., Analyses of 
Raw and Finished Products--Common Raw Bones — Degreased Bones— Crude Fat — Refined 
Pat — Degelatinised Bones — Animal Charcoal — Bone Superphosphates^-Guanos — Dried Animal 
Products — Potash Compounds — Sulphate of Ammonia — Extraction in Vacuo — Description of a 
Vacuum Pan — French and British Gelatines compared. — Index. 

Press Opinion. 

" We can with confidence recommend the perusal of the book to all persons interestedj in 
the manufacture of artificial manures, and also to the large number of farmers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
possible results, which scientific research has placed within their reach." — Wigan Observer. 

ANALYSIS OF RESINS AND [BALSAMS. Translated 
from the German of Dr. Karl Dieterich. Demy 8vo. 340 pp. 1901. 
Price 7s. 6d. ; India 'and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 
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Part I., Definition of Resins in General — Definition of Balsams, and especially the Gum 
Resins — External and Superficial Characteristics of Resinous Bodies — Distinction between 
Resinous Bodies and Fats and Oils — Origin, Occurrence and Collection of Resinous Sub> 
■stances — Classification — Chemical Constituents of Resinous Substances — Resinols — Resinot 
Annols — Behaviour of Resin Constituents towards the Cholesterine Reactions — Uses and 
Identification of Resins — Melting-point — Solvents — Acid Value — Saponification Value — Resin 
Value — Ester and Ether Values— Acetyl and Corbonyl Value — Methyl Value — Resin Acid — 
Systematic R^sum^ of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams — Introduction — Definitions — Canada Balsam — Copaiba Balsam — Angos- 
tura Copaiba Balsam — Bal ia Copaiba Balsam — Carthaffena Copaiba Balsam — Maracaibo 
Copaiba Balsam — Maturin Copaiba Balsam — Gurjum Copaiba Balsam — Para Copaiba Balsam 
— Surinam Copaiba Hulsam — West African Copaiba Balsam — Mecca Balsam — Peruvian 
Balsam — Tolu Balsam — Acaroid Resin — Amine — Amber — African and West Indian Kino- 
Bengal Kino — Lali lanum — Mastic — Pine Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration of Styrax Liquidus Crudus — Purified Storax — Styrax Crudus Colatus — Taca- 
mahac — Thapsia Resin — Turpentine — Chios Turpentine — Strassburg Turpentine — Turpeth 
Turpentin ; Qum Resins — Ammoniacum — Bdellium — Euphorbium — Galbanum — Gamboge 
— Lactucarijm — Myrrh — Opopanax — Sagapenum — Olibanum or Incense — ^Acaroid Resiq— 
Amber — Thapsia Resin. — Index. 
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MANUFACTURE OP PAINT. A Practical Handbook for 

Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 1901.- 200 pp. Sixty Illustrations and One 
Large Diagram. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Part I., Chapters I., Preparation of Raw Material. — II., Storing of Raw Material. — III., 
Testing and Valuation of Raw Material — Paint Plant and Machinery. 

Part II., Chapters V., The Grinding of White Lead.— VI., Grincfing of White Zinc— VII.. 
Grinding of other White Pigments. — VIII., Grinding of Oxide Paints. — IX., Grinding of Stain- 
ing Colours. — X., Grinding of Black Paints. — XL, Grinding of Chemical Colours — Yellows. — 
XII., Grinding of Chemical Colours — Blues. — XIIL, Grindmg Greens. — XIV., Grinding Reds. 
— XV., Grinding Lakes. — XVI., Grinding Colours in Water. — XVI L, Grinding Colours in 
Turpentine. 

Part III., Chapters XVIII., The Uses of Paint.— XIX., Testing and . Matching Paints.— 
XX., Economic Considerations. — Index. 

Press Opinions. 

" Will fill a place hitherto unoccupied : . . . Dears all the marks of thoroughness both on the 
scientific and technical side. That it will take its place as the standard book of its subject may 
safely be predicted." — A berdeen Free Press. 

"This is a workmanlike manual of the methods and processes of an industry known to the 
world at large only by its remote results. . . . This clearly written and well-informed hand- 
book gives a plain exposition of these matters, and cannot but prove useful to manufacturers 
and merchants, and to painters curious about the materials in which they work." — The Scotsmatu 

"Mr. Smith's book is practical throughout, and it will be found helpful to those engaged in 
the industry and those who make use of paints." — The Architect. 

"It is an important text-book for students attending technical classes in these subjects, con- 
cisely setting forth in a most practical manner many intricate details in the preparation and 
production of paint during the operation of grinding. . . . The work should occupy a position 
on the bookshelf of every individual interested in paint." — The Decorators' and Painters' 
Magazine^ 

THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry, 

B.Sc. (Lend.), F.I.C., F.C.S.. and J. H. Coste, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. 1902. Price 10s. 6d. ; India and 
Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Chapter I., Introductory. Light— White Light— The Spectrum— The Invisible Spectrum 
— Normal Spectrum — Simple Nature of Pure Spectral Colour — The Recomposition of White 
Light — Primary and Complementary Colours — Coloured Bodies— Absorption Spectra. — Chap- 
ter II., The Application of Pigments. Uses of Pigments : Artistic, Decorative, Protective 
— Methods of Application of Pigments : Pastels and Crayons, Water Colour, Tempera 
Painting, Fresco, Encaustic Paintmg, Oil-colour Painting, Keramic Art, Enamel, Stained and 
Painted Glass, Mosaic. — Chapter III., inorganic Pigments. White Lead — Zinc White — 
Enamel White — Whitening— Red Lead— Litharge— Vermilion— Royal Scarlet — TheChromiun* 
Greens — Chromates of Lead, Zinc, Silver and Mercury — Brunswick Green — The Ochres — 
Indian Red-r-Venetian Red — Siennas and Umbers — Light Red — Cappagh Brown — Red Oxides 
— Mars Colours — Terre Verte — Prussian Brown — Cobalt Colours — Coeruleum — Smalt — Copper 
Pigments — Malachite — Bremen Green — Scheele's Green — Emerald Green — Verdigris — Bruns- 
wick Green — Non-arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory 
Black — Lamp Black — Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgar — 
Cadmium Yellow — Vandyck Brown. — Chapter IV., Organic Pigments. Prussian Blue — 
Natural Lakes — Cochineal — Carmine — Crimson — Lac Dye — Scarlet — Madder — Alizarin — Cam- 
peachy — Quercitron — Rhamnus — Brazil Wood — Alkanet — Santal Wood — Archil — Coal-tar 
Lakes — Red Lakes — Alizarin Compounds — Orange and Yellow Lakes — Green and Blue Lakes 
— Indigo — Dragon's Blood — Gamboge — Sepia — Indian Yellow, Puree — Bitumen, Asphaltun% 
Mumniy. — Index. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 200 'pp. Forty Illus- 
trations. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Ccwntries, 
8s. 6d. net. Plans and Diagrams. 

Contents. 

Chapters I., History — Ores of Lead. — II., Geographical Distribution of the Lead Itadustry. 
— III., Chemical and Physical Properties of Lead — Alloys of Leadh—Compounds of Lead. — 
IV., Dressing of Lead Ores. — V., Smelting of Lead Ores — Smettiag in the Scotch or American 
Ore-hearth — Smelting in the Shaft or Blast Furnace. — VI., Condensation of Lead Fume* — 
VII., Desilverisation, or the Separation of Silver from Argentiferous Lead — Cupellatioo. 
— VIII., The Manufacture of Lead Pipes and Sheets. — IX., Protoxide of Lead — Litharge ami 
Massicot — Red Lead or Minium — X., Lead Poisoning. — XI., Lead Substitutes. — XII., Zinc 
and its Compounds. — XIIL, Pumice Stone. — XIV., Drying Oils and Siccatives. — XV., Oil of 
Turpentine Resin. — XVI., Classification of Mineral Pigments. — XVII., Analysis of Raw and 
Finished Products.— Tables.— Index 
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NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Pairie, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ; 
Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Deflnitiona — Properties — Occurrence. — II., Galena — Johnstonite — Ceruasite-* 
Ceruse (White Lead) — Minium — Red Lead. — III., Pyromorphite — Mimetene — Hediphan^— 
Crocoise — Wulfenite. — Vanadinite — IV., Bleigliltte — Anglesite — Caledonite — Linarite — Lanark- 
ite — Leadhillite — Susannite — Clausthalite — Cotunnite. — V., Mendipite — Matlockite — Crom- 
fordite — Nagyagite — Altaite — Melanochroite — Vauguelinite — Scheeletine. — VI., Plattncrite — 
Tilkcrodite — Raphanosmite — Deckenite — Descloezite — Dufrenaysite — Bleinierite — Moffrasite 
— Geocronite — Kilbrechenite — Schulzite — Boulangcrite — Heteromorphite — Meneghinite— 
Jamesonite — Plagionite — Zinkenite. — VII., Kobeinte — Boumonite — Selenkupferblei — Nu»* 
sierite — Percylite — Wolchite — Polysphracrite — Miesite. — Index. 

THE RISKS AND DANGERS OF VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonard 

A. Parry, M.D., B.S. (Lond.). 196 pp. Demy 8vo. 1900. Price Vs. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal Quantities of Dust. — II., Trades in which there is Danger of Metallic Poisoning. — 
III., Certam Chemical Trades. — IV., Some Miscellaneous Occupations. — V., Trades in which 
Various Poisonous Vapours are Inhaled. — VI., General Hygienic Considerations. — Index. 

PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), P.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. 1901. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

Part I., Historical — Chapters I., Introduction. — II., Work leading up to the Discovery of 
the X Rays. — III., The Discoverj*. 

Part II., Apparatus and its Manas:ement — Chapters I., Electrical Terms.— II., Sources 
of Electricity. — III., Induction Coils. — IV., Electrostatic Machines. — V., Tubes. — VI., Air 
Pumps. — ^VIL, Tube Holders and Stereoscopic Apparatus. — VIII., Fluorescent Screena 

Part III., Practical X Ray Worlc — Chapters I., Installations. — II., Radioscopy. — III., 
Radiography. — IV., X Rays in E>entistry. — V., X Rays in Chemistry. — VI., X Rays in War. — 
Index I 

List Of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.— 1 1 1., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V., Stellate 
Fracture of Patella showing shadow of " Strapping ". — VI., Sarcoma. — VII., Six-weeks'-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X.. Fractured Femur showing Grain of Splint. — XL, Bar- 
ren's Method of Localisation. 

India^ Rubber and Gutta Percha^ 

INDIA-RUBBER AND GUTTA PERCHA. Translated 
from the French of T. Suligmann, G. Lamy, Torvilhon and H. 
Falcon NET. Royal 8vo. Eighty-six Illustrations. Three Plates. 
About 400 pages. 1902. [In the press. 

Contents. 

Part I. — Chapters I., Botanical Origin. — II., Climatology — Soil — Rational Culture and 
Acclimation of the Different Species or India-Rubber Plants. — III., Methods of Obtaining, 
the Latex — Methods of Prepanng Raw or Crude India-Rubber. — IV., Classification of the 
Commercial Species of Raw Rubber. — V., Physical and Chemical Properties of the Latex, 
and of India-Rubber. — VI. and VII., Mechanical Transformation of Natural Caoutchouc 
into Washed or Normal Caoutchouc (Purification) and Normal Rubber into Masticated 
Rubber— Softening, Cutting, Washing, Drying — Preliminary Observations. — VIII., Vul- 
canisation of Normal Rubber. — IX., Chemical and Physical Properties of Vulcanised 
Rubber — General Considerations. — X., Hardened Rubber or Ebonite. — XI., Considerations 
on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis of Natural or 
Normal Rubber and Vulcanised Rubber. — XII., Rubber Substitutes — Imitation Rubber. 

Part II.— Outta Percha.— Chapters I., Botanical Origin.— II., Climatology— Soil 
— Rational Culture. — III., Methods of Collection. — IV., Classification of the Different 
Species of Commercial Gutta Percha. — V., Physical and Chemical Properties. — VI., 
Mechanical Transformation. — VII., Methods of Analysing. — VIII., Gutta Percha Sub* 
stitutes. — Index. 
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DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Preface. — British and Metric Systems Compared — Centigrade and Fahr. Thermometers. — 
Chapters I., Introduction. — II., Estimation of the Maximum Weight of Saturated Aqueous 
Vapour which can be contained in 1 kilo, of Air at Different Pressure and Tempera- 
tures. — III., Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus witn Heated Air, at the Atmospheric Pressure : 
At With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus. — B, When the Atmospheric Air is Completely Saturated 
before entry, but at its exit is only i, ^ or | Saturated.— C, When the Atmospheric Air is not 
Saturated with Moisture before Entering the Drying Apparatus. — IV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere. — V., Drying by Means of Superheated Steam, without- Air. — VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat. — Index. 

EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated from the 
Second Revised German Edition by A. C. Wright, M.A. (Oxon.), 
B.Sc. (Lend.), formerly Assistant Lecturer and Demonstrator in 
Chemistry at the Yorkshire College, Leeds. With Twenty-one Illus- 
trations and Seventy-six Tables. Demy 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 

Contents. 

Prefaces. — List of Tables. — Metric and British Systems and Thermometers compared. — 
Symbols and Contractions. — Introduction. — Chapters I., /^^Coefficient of Transmission of 
Heat, k/, and the Mean Temperature Difference, 61m. — II., Parallel and Opposite Currents. — 

III., Apparatus for Heating with Direct Fire. — IV., The Injection of Saturated Steam. — V., 
Superheated Steam. — VI., Evaporation by Means of Hot Liquids. — VII., The Transference 
of Heat in General, and Transference by means of Saturated Steam in Particular. — VIII., 
The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms. — 
IX., Evaporation in a Vacuum. — X., The Multiple-effect Evaporator. — XI., Multiple-effect 
Evaporators from which Extra Steam is Taken. — XII., The Weight of Water which must be 
Evaporated from 100 Kilos, of Liquor in order its Original Percentage of Dry Materials 
from 1-25 per cent, up to 20-70 per cent. — XIII., The Relative Proportion of the Heating 
Surfaces in the Elements of the Multiple Evaporator and their Actual Dimensions. — XIV.. 
The Pressure Exerted by Currents of Steam and Gas upon Floating Drops of Water. — 
XV., The Motion of Floating Drops of Water upon which Press Currents of Steam. — XVI., 
The Splashing of Evaporating Liquids. — XVII., The Diameter of Pipes for Steam, Alcohol, 
Vapour and Air.— XVIII., The Diameter of Water Pipes.— XIX., The Loss of Heat from 
Apparatus and Pipes to the Surrounding Air, and Means for Preventing the Loss. — XX., 
Condensers. — XXI., Heating Liquids by Means of Steam. — XXII., The Cooling of Liquids. 
^XXIII., The Volumes to be Exhausted from Condensers by the Air-pumps. — XXIV., A Few 
Remarks on Air-pumps and the Vacua they Produce. — XXV., The Volumetric Efficiency of 
Air-pumps. — XXVI., The Volumes of Air which must be Exhausted from a Vessel in order to 
Reduce its Original Pressure to a Certain Lower Pressure. — Index. 



Leather Trades. 



THE LEATHER WORKER'S MANUAL. Being a Com- 

pendium of Practical Recipes and W^orking Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. Standage. 165 pp. 1900. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather. — II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc.— III., Leather Grinders' Sundries. — IV., Currier's Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc. — V., Dyes and Stains for Leather. — 
VI., Miscellaneous Information. — VII., Chrome Tannage. — Index. 

Press Opinions. 

" The book being absolutely unique." — Birmingham Gazette. 

" This is a valuable collection of practical receipts and working formulae for the use of those 
engaged in the manipulation of leather." — Liverpool Mercury. 
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PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. A Translation of Villon's 
*' Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ". 
By Prank T. Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Illustrations. Price 21s. ; India and Colonies, 22s. ; Other Countries, 
23s. 6d. ; strictly net. 

Contents. 

Preface — ^Translator's Preface — List of Illustrations. 

Part L, Materials used in Tanning— Chapter L, Skins : L, Skin and its Structure ; II., 
Skins used in Tanning; III., Various Skins and their Uses — Chapter II., Tannin and Tanning 
Substances: I., Tannin; II., Barks (Oak); III., Barks other than Oak; IV., Tanning 
Woods; v., Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs; IX., Tanning Juices ; X., Tanning Substances used in Various 
Countries; XL, Tannin Extracts; XII., Estimation of Tannin and Tannin Principles. 

Part II., Tannings — Chapter I., The Installation of a Tannary: I., Tan Furnaces ; 11.. 
Chimneys, Boilers, etc.; III., Steam Engines — Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; III., The Grinding of Tan 
Woods ; IV., Powdering Fruit, Galls and Grains ; V., Notes on the Grinding of Bark— Chap* 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants* Hides; 
VII., Drying; VIII., Striking or Pinning—Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning; 
v.. Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hide»— Chap- 
ter v., On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 



III., Chemical Methods; IV., Tanning with Extracts — Chapter VI., Quantity and Quality; 
I., Quantity; II., Net Cost; III., Quality of Leather— Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather — 
Chapter VIII., Tanning Various Skins. 

Part III., Currying— Chapter I., Waxed Calf: I., Preparation; II., Shaving; III., 
Stretching or Slicking ; IV., Oiling the Grain ; V., Oiling the Flesh Side ; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XL, Cost— Chapter II., White Calf: I., Finishing in White— Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide. — 
Chapter IV., Smooth Cow Hide — Chapter V., Black Leather — Chapter VI., Miscellaneous 
Hides: I., Horse; II.. Goat; III., Waxed Goat Skin; IV., Matt Goat Skin— Chapter VII., 
Russia Leather: I., Russia Leather; II.. Artificial Prussia Leather. 

Part IV., Enamelled, Hungary and Clianioy leather, Morocco, Parcliinent, Purs 
and Artificial Leather — Chapter I., Enamelled Leather: I., Varnish Manufacture; II., 
Application of the Enamel; III., Enamelling in Colour — Chapter II., Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work; 
v.. Tallowing; VI., Hungary Leather from Various Hides — Chapter III., Tawing: I., Pre- 
paratory Operations; II., Dressing; III., Dyeing Tawed Skins; IV., Rugs — Chapter IV., 
Chamoy Leather — Chapter V., Morocco: I., Preliminary Operations, II., Morocco Tanning; 
III., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours ; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; IX., Dyeing with Metallic Salts; X., Leather 
Printing; XI., Finishing Morocco; XII., Shagreen; XIIi., Bronzed Leather— -Chapter VL, 
Gilding and Silvering: I., Gilding; II., Silvering; III., Nickel and Cobalt — Chapter VII. 
Parchment — Chapter VIII.. Furs and Furriery: I., Preliminary Remarks; II., Indigenous 
Furs; III., Foreign Furs from Hot Countries; IV. Foreign Furs from Cold Countries; V., 
Furs from Birds' Skins; VI., Preparation of Furs; VII., Dressing; VIII.. Colouring; IX., 
Preparation of Birds' Skins; X. Preservation of Fur»— Chapter lA., Artificial Leather: I., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
M&ch6; v.. Linoleum; VI., Artificial Leather. 

Part v., Leatlier Testing and tlie Theory of Tanning— Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis — Chapter II., 
The Theory of Tannine and the other Operations of the Leather and Skin Industry: I., 
Theory of Soaking; IL, Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather IVIaking; VIII., Theory of Tawing; IX., Theory of Chsunoy 
Leather Making; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather — Chapter I., Machine Belts: I., Manufacture of Belting; II., 
Leather Chain Belts; III., Various Belts, IV., Use of Belts— Chapter IL, Boot and Shoe- 
making: I., Boots and Shoes; II., Laces — Chapter III., Saddlery: I., Composition of a 
Saddle; II., Construction of a Saddle— Chapter IV., Harness: I., The Pack Saddle; II., 
Harness — Chapter V., Military Equipment—Chapter VI., Glove Making — Chapter VII., 
Carriage Building — Chapter VIII., Mechanical Uses. 

Appendix, The World's Commerce in Leather— I., Europe; IL, America; III., Asia 
IV., Africa ; Australasia — Index. 

Press Opinions. 

"The book is well and lucidly written." — Shoe Manufacturers' Monthly Journal. 
"This book cannot fail to be of great value to all engaged in the leather trades. . . . "^ 
Midland Free Press. 
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** Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather." — Leeds Mercury. 

" It can thus be confidently recommended to all who are more or less practically in- 
terested in the technology of a very important subject." — Leicester Post. 

** This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . . " — Shoe and Leather 
Trader. 

"It certainly should be worth the while of English tanners to see what lessons they can 
learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume." — Western Dauy Press and Bristol Times, 

"... As a work of reference the volume will be extremely useful in the trade, and where 
leisure affords sufficient opportunity a careful perusal and study of it would afford ample 
reward." — Kettering Guardian. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Revised 

and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
and Colonies, 18s. 6d. ; Other Countries, 20s. ; strictly net. 

Contents. 

Introduction. The Rise and Progress of the Potter's Art. — Chapters I., Bodies. China 
and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips. — II., Glazes. China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours. — III., 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes.— IV., Means and Methods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold. — V., Classification 
and Analysis. Classification of Cliw Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count. — VI., Comparative Loss of Weight of Clays. — VII., Ground Felspar Calculations, — 
VIII., The Conversion of Slop Body Recipes into Dry Weight.— IX., The Cost of Prepared 
Earthenware Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Tablet. 
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. — Index. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d.; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Preface. — Introduction. — Chapters I., The Chemistry of Pottery. — II., Analysis and Syn- 
thesis. — III., Clays and their Components. — IV., The Biscuit Oven. — V., Pyrometry. — VI., 
Glazes and their Composition. — VII., Colours and Colour-making. — Index. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d. ; Abroad. 15s. ; United States, $4 ; 
:Strictly net. 



17 
Contents. 

Ruby— Ruby from Coppers-Flint for using with the Ruby for Coating— A German Metal- 
Cornelian, or Alabaster— Sapphire Blue— Crysophis— Opal— Turquoise Blue— Gold Colour~> 
Dark Green— Green (common)— Green for Malachite— Blue for Malachite— Black for Mela- 
chite— Black— Common Canary Batch— Canary— White Opaque Glass— Sealing-wax Red- 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass— Paste Glass— White Enamel- 
Firestone— Dead White (for moons)— White Agate— Canary— Canary Enamel— Index. 

COLOURING AND DECORATION OP CERAMIC 
WARE. By Alex. Brongniart. With Notes and Additions 
by Alphonse Salvetat. Translated from the French. 200 pp. 1898. 
Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 
— The Chemical Preparation of Vitrifiable Colours — Composition and Preparation of Vitrifiable 
Colours — ^The Oxides— Preparation of Oxides — Preparation of Chromates — Preparation of 
other Colours — Composition and Preparation of Fluxes — Muffle Colours — Recipes ror Colours 
— Use of Metals — Lustres — Preparation and Application of Colours— Composition of Coloured 
Pastes— Underglaze Colours— Colours in the Glaze-^verglaze Colours— Painting in Vitri- 
fiable Colours — Gilding — Burnishing — Printing— Enlarging and Reducing Gelatine Prints — 
Muffle Kilns for Vitrifiable Colours— Influence of the Material on the Colour— Changes Re- 
sulting from the Actions of the Fire — Alterations Resulting from the Colours — Alterations in 
Firing. 

HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By Holden M. Ash by. Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents o 

List of Apparatus— List of Atomic Weights— Use of Balance, and Burette, Sand Bath, and 
Water Bath— Dessicator— Drying Oven— Filtering— Fusion-Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina. Magnesium; etc. — Mechanical 
Analysis — Rational Analysis — Standard Solutions — Volumetric Analysis — Standards for Clay 
Analysis — Sampling. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef^vrb. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bird, 
M.A., and W. Moore Binns. Price 15s. ; India and Colonies, 16s. ; 
Other Countries, 17s. 6d. ; strictly net. 

Contents. 

Part I. Plain Undecorated Pottery. — Chapter I., Clays: § 1, Classiflcation, General Geo- 
logical Remarks. — Classification, Origin, Locality ; § 2, General Properties and Composition : 
Physical Properties, Contraction, Analysis, Influence of Various Substances on the Properties 
of Clays ; § 3, Working of Clay-Pits— I. Open Pits : Extraction, Transport, Cost— II. Under- 
ground Pits — Mining Laws. Chapter II., Preparation of the Clav : Weathering, Mixing 
Cleaning, Crushing and Pulverising — Crushing Cylinders and Mills, Pounding Machines — 
Damping: Damping Machines — Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Cylinders— Particulars of the A^ve Machines. Chapter III., Bricks : § 1, Manufacture 
— (1) Hand and Machine Moulding. — I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay. — II. Expression Machines: with Cylindrical Pro- 
pellers, with Screw Propellers — Dies — Cutting-tables — Particulars of the Above Machines — 
General Remarks on the Choice of Machines — ^Types of Installations — Estimates — Plenishing, 
Hand and Steam Presses, Particulars— (2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds — Drying-rooms in Tiers, Closed Drymg-rooms, in Tunnels, in Galleries — De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices — ^Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plam or with Shelves, Lifts-^3) Firing 
— I. In Clamps — II. In Intermittent Kilns. A, Open: a, using Wood; b Coal; 6\ in Clamps; 
b"t Flame — B, Closed: c. Direct Flame; c'. Rectangular; c", Round; d, Reverberatory — III. 
Continuous Kilns : C, with Solid Fuel : Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)— D, With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln — Heat Production of the Kilns ; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks — Hollow Bricks, Dimensions and Prices of Bricks, Various 
Shapes, Qualities — Various Hollow Bricks, Dimensions, Resistance, Qualities ; § 3, Applications 
— History — Asia, Africa, America, Europe: Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture — Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Holland, Prance, America — Use of Bricks — Walls Arches Pavements 
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Flues, Cornices — Pacing with Coloured Bricks — Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture — (1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste — Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles — Screw, Cam and Revolver Presses — Particulars of Tile-presses— (2) Drying — 
Planchettes, Shelves, Drying-barrows and Truckfr--<3) Firing — Divided Kilns — Installation of 
Mechanical Tileworks — Estimates ; § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile — Ancient Tiles: Flat, Round, Roman, Flemish — Modern Tiles — With Vertical Inter- 
rupted Join : Gilardoni's, Martin's ; Hooked, Boulet's Villa ; with Vertical Continuous Join : 
Muller's, Alsace, Pantile — Foreign Tiles — Special Tiles — Ridge Tiles. Coping Tiles, Border 
Tiles, Frontons, Gutters, Anteflxes, Membron, Angular — Roofing Accessories : Chimney-pots, 
Mitrons, Lanterns, Chimneys — Qualities of Tiles — Black Tiles— Stoneware Tiles — Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes — Manufacture — Moulding : Horizontal 
Machines, Vertical Machines, Worked by Hand and Steam — Particulars of these Machines 
— Drying— Firing — II. Chimney Flues — ^Ventiducts and " Boisseaux," " Waggons " — Particulars- 
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordinary Clay; 2, of Cleaned 
Clay — Machines, Cutting, Mixing, Polishing — Drying and Firing — Applications — Particulars of 

guarries. Chapter VII., Terra-cotta : History — Manufacture — Application : Balustrades,, 
olumns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
— ^Appendix : Official Methods of Testing Terra-cottas. 

Part II. Made-up or Decorated Pottery. — Chapter I., General Remarks on the Deco- 
ration of Potteiy : Dips — Glazes : Composition, Colouring, Preparation, Harmony with 
Pastes — Special Processes of Decoration — Enamels, Opaque, Transparent, Colours, Under- 
glaze, Over-glaze — Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence,, 
Lustres. Chapter II., Glazed and Enamelled Bricks — History: Glazing — Enamelling — Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware — Enamelled 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries — 1, Decorated with Dips — 2^. 
Stoneware: A, Fired to Stoneware; a, of Slag Base — Applications; 6, of Melting Clay — 
Applications — B, Plain or Incrusted Stoneware ; a, of Special Clay (Stoke-on-Trent) — Manu- 
facture — Application — b^ of Felspar Base— Colouring, Manufacture, Moulding, Drying, Firing 
— ^Applications. — II. Facing Quarries — 1, in Faience — A^ of Limestone Paste — B, of Siliciou» 
Paste — C, of Felspar Paste — Manufacture, Firing — 2, of Glazed Stoneware — 3, of Porcelain — 
Applications of Facing Quarries. — III. Stove Quarries — Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V.^ 
Sanitary Pottery : Stoneware Pipes : Manufacture, Firing — Applications — Sinks — Applications 
— Urinals, Seats and Pans — Applications — Drinking-fountains, Washstands. — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emilb 
BouRRY, Ingenieur des Arts et Manufactures. Translated from the 
French by Wilton P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 
the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
21s. ; India and Colonies, 22s. ; Other Countries, 2ds. 6d. ; strictly net. 

Contents. 

Part I., General Pottery Methods. Chapters I., Definition and History. Definitions 
and Classification of Ceramic Products — Historic Summary of the Ceramic Art. — II., Raw 
Materials of Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous- 
to Clay — Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw 
Materials.— n I., Plastic Bodies. Properties and Composition — Preparation of Raw Materials : 
Diss^re^ation — Purification — Preparation of Bodies : By Plastic Method — By Dry Method — 
By Liquid Method. — IV., Formation. Processes of Formation : Throwing — Expression — 
Moulding by Hand, on the Jolley, by Compression, by Slip Casting— Slapping — Slipping. — V.^ 
Drying. Drying of Bodies— Processes of Drying: By Evaporation — By Aeration — By 
Heating — By Ventilation — By Absorption. — VI., Glazes. Composition and Properties — Raw 
Materials — Manufacture and Application. — ^VII., Firing. Properties of the Bodies and Glaze» 
during Firing — Description of the Kilns — Working of the Kilns. — VIII., Decoration. Colouring 
Materials — Processes of Decoration. 

Part II., Special Pottery Methods. Chapters IX., Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks— Ordinary and Black Tiles- 
Paving Tiles — Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — 
Common Pottery— Pottery for Water and Filters— Tobacco Pipes— Lustre Ware— Properties- 
and Tests for Terra Cottas.— X., Fireclay Goods. Classification: Argillaceous, Aluminous, 
Carboniferous, Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay 
Goods. — XL, Faiences. Varnished Faiences— Enamelled Faiences — Silicious Faiences — Pipe- 
clay Faiences — Pebble Work— Feldspathic Faiences — Composition, Processes of Manufacture 
and General Arrangements of Faience Potteries. — XII., Stoneware. Stoneware Properly So- 
called : Paving Tiles— Pipes— Sanitary Ware— Stoneware for Food Purposes and Chemical 
Productions — Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine 
Stoneware. — XI 1 1., Pbrcelain. Hard Porcelain for Table Ware and Decoration, for the Fire^ 
for Electrical Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit 
Porcelain— Soft Phosphated or English Porcelain— Soft Vitreous Porcelain, French and New 
Sevres— Argillaceous Soft or Seger's Porcelain— Dull Soft or Parian Porcelain— Dull Felds- 
pathic Soft Porcelain. — Index. 
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THE ART OF RIVETING GLASS, CHINA AND 

EARTHENWARE. By J. Howarth. Second Edition. 
1900. Price Is. net ; by post, home or abroad, Is. Id. 

Contents. 

Tools and Materials Required — Wire Used for Rivets — Soldering Solution — Preparation 
for Drilling— Commencement of Drilling — Cementing — Preliminaries to Riveting — Rivets to 
Make — ^To Fix the Rivets — Through-and-th rough Rivets — Soldering — Tinning a Soldering-iron 
— Perforated Plates, Handles, etc. — Handles of Ewers, etc. — Vases and O>mports — Marble 
and Alabaster Ware — Decorating — How to Loosen Fast Decanter Stoppers — China Cements. 

NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 

Definitions — Occurrence — Brick Clays — Fire Clays — Analyses of Fire Clays. — Ball Clays — 
Properties — Analyses — Occurrence — Pipe Clay — Black Clay — Brown Clay — Blue Clay — Dor- 
setshire and Devonshire Clays. — China Clay or Kaolin — Occurrence— Chinese Kaolin— Cornish 
Clays — Hensbarrow Granite — Properties, Analyses and Composition of China Clays- 
Method of Obtaining China wiay — Experiments with Chinese Kaolin — Analyses of Chinese 
and Japanese Clays and Bodies — Irish Clays.'^hlnese Stone— Composition— Occurrence — 
Analyses. — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 

Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By Felix Hermann, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

Histo^ of Glass Painting.— Chapters I., The Articles to be Painted : Glass, Porcelain, 
Enamel, Stoneware, Faience. — II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide. — III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, 
Potassium and Sodium Carbonates, Kocaille Flux. — IV., Preparation of the Colours for Glass 
Painting.— v., The Colour Pastes.— VI., The Coloured Glasses.— VII., Composition of the 
Porcelam Colours.- VIII., The Enamel Colours: Enamels for Artistic Work.— IX., Metallic 
Ornamentation : Porcelain Gilding, Glass Gilding. — X., Firing the Colours : 1, Remarks on 
Firing : Firing Colours on Glass, Firing Colours on Porcelain ; 2, The MufRe. — XI., Accidents 
occasionally Supervening during the Process of Firing.— XII., Remarks on the Different 
Methods or Painting on Glass, Porcelain, etc. — Appendix : Cleaning Old Glass Paintings. 

Press Opinions. 

"Will be found of much interest to the amateur." — Art Amateur, New York. 

**. . . The whole cannot fail to be both of service and interest to glass workers and to 
potters generally, especially those employed upon high-class work." — Staffordshire Sentinel. 

" For manufacturers and students it will be a valuable work, and the recipes which appear 
on almost every page form a very valuable feature." — Builders Journal. 

** . . . Very careful instructions are given for the chemical and mechanical preparation of 
the colours used in glass-staining and porcelain-painting ; indeed, to the china painter such a 
book as this should be of permanent value." — Daily Chronicle. 

A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. Bv Ernest R. Suppling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. net. 

Contents. 

Chapters I., A Short History of Stained Glass.— II., Designing Scale Drawings.— III., Car- 
toons and the Cut Line.— IV., Various Kinds of Glass Cutting for Windows.- V., The Colours 
and Brushes used in Glass Painting.— VI., Painting on Glass, Dispersed Patterns.— VII., 
Diapered Patterns— Aciding— Firing.— VII !•« Fret Lead Glazing.— Index. 
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A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. &. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
1899).— Chapters I., Preliminary Remarks.— II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 
port and Dale Hall, Hot LAne and Cobridge, Hanley and Shelton, Btruria, Stoke, Penkhull, 
Fenton, Lane Delph, Foley, Lane End.— III., On the Origin of the Art, and its Practice 
among the early Nations.— IV., Manufacture of Pottery, prior to 1700.— V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1090.— VI., Progress of the Manu- 
facture from 1700 to Mr. Wedgwood's commencement in 1760. — ^VII.. Introduction of Fluid 
Qiaze. — Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's Queen's Ware. — 
Jswper, and Appointment of Potter to Her Majesty. — Black Printing. — ^VIII., Introduction 
of Porcelain. Mr. W. Littler's Porcelain. — Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent. — Sold to Ml*. Champion — resold to the New Hall Com. — Extension of 
Term.— IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
<2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton. — Great Change in Patterns of Blue 
Printed. — ^X., Introduction off Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 

** There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissuing it." — Burton Mail, 

" Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry." — Derby 
Mercury. 

A Beissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 

AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, ISs. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.— Chapters I., Introduction : Laboratory and 
Apparatus; Bloments: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes. — II., Temperature: Coal, Steam Heat for 
Printers', Stoves. — III., Acids ana Allcalies: Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, SocU, Lithia, Calculation of Chemical Separations. — IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert. — V., Metals : ReciprocalCombinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART II., SYNTHESIS AND COMPOUNDS.—Chapters I., Sketch of the Origin and 
Progress of the Art. — II., Science of Mixins' : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies : Porcelain — Hard, Porcelain — Fritted Bodies, 
Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc. — IV., Qlazes: Porcelain — 
Hard Fritted, Porcelam — ^Soft Fritted, Porcelain — Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments. — V., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer's Oil, Lustres. 

PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES. 
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Press Opinions. 

*' . . . There is an excellent historical sketch of the origin and progress of the art of pottery 
««rfaich shows the intimate knowledge of classical as well as (th€ then) modern scientific litera- 
ture possessed by the late Dr. Shaw." — Glasgow Herald, 

** The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
Jiid of chemistry instead of by guesses, as was formerly the case. This portion ot the book may 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours." — Birmingham Post. 

** Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, and their spirited enterprise is worthy of encouragement, for the 
utility of technical literature bearing upon the ractical side of potting goes without saying. 
. . . They are to be congratulated on their enterprise in republishing it." — Staffordshire 
Sentinel. 

Paper Making. 

THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Ekfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, P.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 167 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. , 1901. Price 15s.; India and Colonies, 16s.; Other 
Countries, 20s. ; strictly net. Limited edition. 

Contents. 
L, Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 
Mordant.— II., Colour Fixing Mediums (Mordants).— III., Influence of the Quality of 
the Water Used.— IV., inorganic Colours.— V., Organic Colours.— VI., Practical 
Application of the Coal Tar Colours according to their Properties and their 
Behaviour towards the Different Paper Fibres.— Vll., Dyed Patterns on Various Pulp 
JMixtures.— Dyeing to Shade.— Index. 

Press Opinions. 

" The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Journal. 

"The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 157 in all — twelve of which, made in England, have been added to the original German 
series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student's or 
practitioner's experiments can be tested. . . ." — World's Paper Trade Review. 

Enamelling on Metal. 

JBNAMELS AND ENAMELLING. An Introduction to the 

Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, VS^orkers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — V., Fluxes. — VI., Pig- 
<nent8. — VII., Decolorising Agents. — VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making. — XL, 
Mixing the Materials. — XII., The Preparation of Technical Enamels, The Enamel Mass. — 
XIII., Appliances for Smeltmg the Enamel Mass. — XIV., Smelting the Charge. — XV., Com- 
position of Enamel Masses. — XVI., Composition of Masses for Ground Enamels. — XVII., 
Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXI., Applying and Firing the 
Cover Enamel or Glaze. — XXII., Repairing Defects in Enamelled Ware. — XaIII., Enamelling 
Articles of Sheet Metal. — XXIV., Decorating Enamelled Ware. — XXV., Specialities in Ena- 
melling. — XXVI., Dial-plate Enamelling. — XaVII., Enamels for Artistic Purposes, Recipes 
if or Enamels of Various Colours. — Index. 

Press Opinions. 

*' Should prove of great service to all who are either engaged in or interested in the art of 
«namelling."— /«t&e/^r5 and Watchmakers' Trade A dvertiser. 

" I must inform you that this is the best book ever I have come across on enamels, and it is 
wrorth double its cost."— J. Minchin, Jr., Porto, Portugal, 22nd July ^ 1900. 

*' This is a very useful and thoroughly practical treatise, and deals with every branch of the 
•enameller's art." — Invention. 
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THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp^ 
1900. Price 2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., History — Cloisonne — Champs Lev6 — Translucent Enamel — Surface Painted* 
Enamels.— II., Cloisonn6— Champs Lcv6s— Translucent— Painted.— III., Painted Enamel — 
Apparatus— Furnaces and MufBes for Firing.— IV., The Copper Base or Plate— Planishing— 
Cloisons— Champ Lev6 Plates.- V., Enamels— Trituration— Washing— Coating a Plate with 
Enamel— Firing) Ordinary Plaques for Painting— Designing— Squaring oflF.— VI., Designs for 
Cloisonne — Designs for Painted Enamels — Technical Processes — Brushes, etc., — Colours — 
Grisaille — Full-coloured Designs. 

Press Opinion. 

"The information conveyed in The A rt o/ Enamelling on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in au 
most interesting branch of decorative airt."— Hardware Metals and Machinery. \ 

Books on Textile and Dyeing 

Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzpeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yam Testingr. III., Determininir the Yarn Number.— IV., Testlnjr the Lenflrth of 
Yams.— v., Examination of the Extemal Appearance of Yam.- VI., Determininflr th0 
Twist of Yam and Twist.- VII., Determination of Tensile Strengrth and Elasticity.— 
VIII., Estimatingr the Percentaife of Fat in Yarn.- IX., Determination of Moisture 

(Conditioning).— Appendix 

Press Opinions. 

** It would be well it our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor> 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch or textile manufacture." — Manchester Courier. 

** This is probably the most exhaustive book published in English on the subject." — Textile- 
Recorder. 

** A careful study of this book enables one to say with certainty that it is a standard work on 
the subject." — Glasgow Herald. 

"... For the first time all the data relating to both physical and chemical tests as used 
throughout the whole of the textile industry, so that not only the commercial and textile 
chemist, who has frequently to reply to questions on these matters, but also the practical 
manufacturer of textiles and his subordinates, whether in spinning, weaving, dyemg, and 
finishing, are catered for. . . . The hook is profusely illustrated, and the subjects or these 
illustrations are clearly described." — Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy8vo. 132 Designs and Illustrations. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., A Pew Hints on Designing Ornamental Textile Fabrics. — II., A Few Hints on- 
Designmg Ornamental Textile Fabrics (continued). — III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — ^VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets. — VIII., Tapestry Carpets. — IX., Ingrain Carpets. — X.^ 
Axminster Carpets. — XL, Damask and Tapestry Fabrics. — ^XII., Scarf Saks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI., Figured Plush. 
—XVII., Bed Quilts.- XVIII., Calico Printing. 

Press Opinions. 

" The book can be strongly recommended to students and practical men." — Textile Coloutist^ 

"Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

"To be commended as a model manual." — Dundee Advertiser. 

" Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on 'Designing Ornamental Textile Fabrics'." — 
Kottingham Daily Guardian. 
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POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-Six Diagrrams In Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

I., Power-Loom Weaving in General. Various Systems of Looms. — IL, Mounting 
■and Starting the Power- Loom. English Looms. — Tappet or Treadle Looms. — Dobbies. — 
IIL, OeneralRemarlcson the Numbering, Reeling and Paclcingof Yarn.— Appendix.— 
Useful Hints. Calculating Warps. — Weft Calculations. — Calculations of Cost Price in Hanks. 

Press Opinions. 

"A long-felt want in the weaving industry." — Beljast Eveninfi; Telegraph. 

"The author has dealt very practically with the subject." — Bradford Daily Telegraph. 

"The book . . . should prove invaluable to the student." — Cotton Factory Times. 

" It is a capital text-book for use in the weaving schools or for self-instruction, while all 
engaged in the weaving industry will find its suggestions helpful." — Northern Daily Telegraph. 

"Yarn numbering according to various systems, with conversion tables and numerous 
coloured diagrams, materially assist to a clear comprehension of the subject." — Northern Whig, 

"The 'inside' managers of our textile mills in which the work is complex or greativ varied, 
and where yarns of different materials are in use, will find this work convenient for reference." 
—Textile Mercury. 

"The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the industry." — Cheshire County News. 

" It is clear and concise, and gives just that knowledge in quality and amount which anv 
student of the weaving industry ought to consider as a minimum necessary for his thorough 
comprehension of his future profession." — North British Daily Mail. 

"... The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood." — Textile Industries. 

" The smallest details of loom-setting are entered into, and a full explanation of problems, 
which are a source of anxiety to many engaged in overlooking, is given. Students will find 
the work an admirable text-book, and all who are interested in weaving will see in it a valuable 
addition to the literature on this subject." — Bradford Observer. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 

FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 

Contents. 

Chapters I., The Textile Fibres.— Artificial Fibres— Mineral Fibres— Vegetable Fibres- 
Cellulose— Cotton — Bombax Cotton — Vegetable Silk — Flax— Hemp — Jute — Ramie, Rhea, China 
Grass, Nettle Fibre — Distinguishing Tests for the Various Fibres — Animal Fibres : Silk — Animal 
Hairs— Sheep's Wool— Goat Wool and Camel Wool— Artificial Wool (Wool Substitutes)— 
Conditioning.— H., Washing:, Bleaching^, Carbonising:.— Washing and Bleaching (Definition) 
— Bleaching Agents — Cotton Bleaching — Linen Bleaching — Jute Bleaching — Hemp Bleaching 
— Ramie Bleaching — Scouring and Bleaching Silk — Washing and Bleaching Wool— Blueing or 
White Dyeing— Carbonising.— III., Mordants and Mordanting.— Mordants: Mordanting 
Wool — Mordanting Silk— Mordanting Cotton — Alumina Mordants — Iron Mordants— Chrome 
Mordants — Tin Mordants — Copper and other Mordants — The Fixing Agents (Acid Mordants) : 
Tannic Acids — Oleic Acids. — IV., Dyeing'. — (1) Theory of Colour: Combination of Colours: 
Dyeing to Pattcrn—(2) Theory of Dyemg— (3) Classification of Dye StuflFs: Methods of Dyeing- 
Application of Acid Dye Stuffe— Application of Basic Dye Stuffs— Application of Direct or 
Substantive Cotton Dyes— Application of the Mordant Dyes : Dyeing with Cochineal — Black 
and Blue Dyeings with Logwood on Wool — Turkey-Red Dyeing — Dyemg with Catechu — Black- 
Dyeing Cotton with Logwood — Application of the Vat Dyes — Application of the Developing 
Dyes — (4) Dyeing on a Manufacturing Scale : Selection of Dye Stuffs for Dyeing — Silk Dyeing 
— Wool Dyeing— Cotton Dyeing — Dyeing Mixed Fabrics — (5) Sample Dyeings, Colorimetric 
Determinations, Reactions of Dye Stuffs on the Fibre, Tests for Fastness— V., Printing. — 
Hand Printing— The Perrotine Press — The Cylinder Press-Calico Printing: (1) Reproduction 
of Pattern by Direct Printing : Thickening Agents — Employment of Mordant Dye Stuffs, Basic, 
Albumin, Direct, Developing, Vat, Acid — Treatment of the Goods when Printed — (2) Combined 
Printing and Dyeing— (3) Discharge Style Printing : Discharging the Mordant — Discharging 
Antimony Tannate — Discharging the Finished Dye — Turkey-Red Dischargee Style — (4) Reserve 
Style Printing — (5) Topping Printing — Wool Pnnting — Silk Printing — Printing Yams, Warps, 
and Combed Sliver. — VI., Dressing and Finishing. — Dressing and Finishm^— Substances 
used in Finishing: (1) Starch, Gum, etc. — (2) Fatty Substances— (3) Hygroscopic Materials — 
(4) Loading Ingredients— (5) Colouring for the Dressing Preparations— (6) Metals or their 
Sulphites— (7) Waterproofing— (8) Fireproofing— (9) Antiseptics for Prevention of Mould- 
Application of Dressings- Drying — Stretching — Finishing: Shearing, Damping, Calendering, 
Beetling, Moind or Watered Effects, Stamping— Finishing Woollens.- Index. 
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COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light,. 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Soectrum, Wave Motion of Light, Reoomposition of White Light, Hue, Luminosity, Purity 
or Colours, The Polariscope, Phosphorescence, Fluorescence, Interference. — IL, Cause of 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.— III., Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.— IV., The Physiology of Light. Structure of the Eye, Persistence of Vision^ 
Subjective Colour Phenomena, Colour Blindness. — V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone. Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design. — VI., Colour in Decoration an<l 
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour.- VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

** This useful little book possesses considerable merit." — Birmingham Post. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colounst." — Dyer and Calico Printer. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter. 302 Illustrations^ 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and Colonies, lis.; 
Other Countries, 12s. ; strictly net. 

Contents. 

Introduction. 

PART I.— The Raw Materials Used In the Textile Industry. 

GROUP I. Mineral Raw Materials. Asbestos— Glass— Metals. 

GROUP II. Vegetable Raw Materials. Seed Fibres — Cotton — Bombax Wool— 
Asclepias Wool — Poplar, Cotton Grass and Bulrush Wool — Stem Fibres— Flax— Hemp— Jute 
— Nettle Fibres — Sunn Hemp — Leaf Fibres — New Zealand Hemp — Manila Hemp — Stsal and 
Domingo Hemp — Aloe Fibre — Pineapple Fibre — Vegetable Wool — Fruit Fibres — Cocoanut 
Fibre — Other Vegetable Raw Materials employed in Weaving — Straw — Wood— Cane^ 
Caoutchouc. 

GROUP III. Animal Raw Materials. Animal Wool and Hair — Sheep's Wool — Goat 
Wool — Camel Wool — Llama and similar Wools — Cow Hair — Poodle Hair — Hare, Rabbit, Cat 
and Beaver Fur— Horse Hair— Bristles— Silk— Natural Silk— Artificial Silk— Byssus Silk- 
Detection and Estimation of Textile Raw Materials in Yams and Fabrics — Characteristics of 
Mineral Raw Materials — Detecting and Methods of separating Vegetable and Animal Raw 
Materials in general— The Combustion Test— The Mandarin Test— The Picric Acid Test— The 
Sulphuric Acid Test — The Alkali Test — Differentiation of Animal and Vegetable Fibres it> 
detail — Characteristics of Cotton— Characteristics of Flax — Characteristics or Sheep's Wool — 
Characteristics of True Silk — Characteristics of Artificial Silk — Determining the Constituents of 
Textile Fabrics — The Detection of Cotton in Linen Fabrics — ^The Detection of Cotton in- 
Woollen Fabrics— The Detection of Cotton in Silk Fabrics— The Detection of Wool in Silk 
Fabrics— The Detection of Wild Silk in True Silk Fabrics— The Detection of Artificial Silk in> 
Silk Fabrics— The Detection of Byssus Silk in Silk Fabrics. 

PART II.— The Technology of Spinning: or the Conversion of -Textile Raw 

Materials into Yam. 

Spinning — Sequence of Operations in Spinning — General Observations on the Machinery 
and Process of Spinning — Fine Spinning Machines — Requisite Properties for a Well-spuf» 
Thread. 

GENERAL REVIEW OF THE VARIOUS BRANCHES OF 
THE SPINNING PROCESS. 

GROUP I. Spinning Vegetable Raw Materials. Cotton Spinning — Preparatory 
Processes — Mixing— Opening and Cleaning — Carding — Combing — Drawmg and Doubling^ — 
Roving — Roving Frames producing a Permanent Twist — Machines producing Temporary Twist 
— Fine Spinning — The Throstle or Water Frame— The Mule Frame — Supplementary Treatment : 
Finishing — Finishing Processes producing no change in the Character of the Yam — Converting 
Yarns into New Forms — Additional Finishing Processes — Packing — Installation of a Cotton 
Mill — Humidifiers — Spinning Waste Cotton and Waste Cotton Yams — Preliminary Operations. 
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— Carding — Stubbing — Fine Spinning — Supplementary and Finishing Operations — Flax Spin- 
ning — Preparatory Treatment — Gilling — Doubling and Drawing — Roving — ^The Roving Frame 
— Fine Spmning — Supplementary Treatment — Operations leaving the Yam unchanged — Opera- 
tions for producing New Combinations of Threads — Packing — Tow Spinning — Preparatory- 
Treatment — Roving — Pine Spinning — Hemp Spinning — Spinnmg Hackled or Line Hempn— 
Spinning Hemp Tow String—Jute Spinning — Spinning Jute Line Yarn — Spinning Jute Tow 
Yarns — Supplementary Treatment — The Production of Mixed Yarns — Utilising Jute Waste. 

PART III.— Spinninsr Animal Raw Materials. 

Spinning Carded Woollen Yarn — Preparatory Treatment — Scouring, Washing and Rinsing. 
— Draining and Drying the Wool — Burr Extraction — Opening and Willowing — Oiling the Wool 
— Carding — Condensing — Belt Condensers — Steel Band Condenser — Fine Spinning — The Mule 
— The Throstle Frame — Supplementary Treatment — Supplementary Treatment leaving the 
Yarn unaltered — Treatment with a view to producing Novel Effects — Finishmg Yarn — Packing 
Yarn — Worsted Spinning — Manufacture of True Worsted Yarn — Preliminary Treatment — 
Sorting — Steeping, Washing and Rinsing — Drying — Oiling — Carding — Gilling — Combing — 
Drawing — Smoothing — Drawing and Slubbmg — Rovmg — Fine Spinning — The Worsted Mule 
Frame — Worsted Throstle Frames — Supplementary Treatment — Processes leaving the Yan» 
unchanged — Producing New Types of Yarn — Fmishing Worsted Yarn — Packmg — Semi- 
Worsted Yarns — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manufacture — 
Cleaning the Rags — Sorting the Rags — Trimming the Rags — Scouring — Disintegration — 
Extract Wool — Shaking — Scouring — Carbonising — Disintegration — Spinnmg Shoddy and! 
other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Preliminary Treatment — Sorting 
— Steeping — Maceration — Scouring and Beetling — Drying — Sprinkling — Beating — Opening — 
Dressing— Spreading — Doubling and Drawing — Slubbing and Roving — Fine Spinning — Supple- 
mentarv Operations — Operations leaving the Yarn unaltered — Producing New Forms of Yarn 
— Finishing off Chappe Silk — Packing — Bourette Spinning. — Index. 

DYERS' MATERIALS : An Introduction to the Bxaminat'on, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D^ 
Translated from the German by Arthur C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). With Two Plates, containing Twenty-four Illustrations. 
Crown 8vo. 150 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s ; strictly net. 

Contents. 

Chapter I., General : Table I., Indicators — Standard Solutions. — Table II., Solutions and 
Reagents in General Use. — Chapter II., Primary Materials : Water — Textile Fibres. Chapter 
III., Inorganic Materials : Hydrochloric Acid — Chlorides of Sodium, Magnesium, Ammonium,. 
Barium, Zinc, Copper, Manganese and Aluminium, Stannous Chloride, Stannic Chloride, 
Tin Spirits, Chromium Chloride — Fluorides and Bifluorides, Alkaline Bifluorides, Chromium 
Fluoride, Chromium Oxyfluoride, Copper Fluoride, Antimony Fluoride, Aniline Hydronuoride». 
Antimony Fluoride, Double Salts — Sulphuric Acid, Fuming or Nordhausen Sulphuric Acid — 
Sulphates, Sodium Sulphate, Sodium Bisulphate, Calcium Sulphate, Magnesium Sulphate, 
Lead Sulphate, Ferrous Sulphate, Aluminium Sulphate, Ferric Sulphate, Copper Sulphate, 
Alums — Nitric Acid and Nitrates: Nitric Acid, Sodium, Silver, Lead, Ferrous, Ferric and 
Rarer Nitrates — Chlorine-Oxygen Compounds : Bleaching Powder, Alkaline Hypochlorites^ 
other Hypochlorites, Potassium, Sodium, Aluminium, Chromium and Aniline Chlorates — 
Sulphite Compounds : Sulphurous Acid, Sulphites, Sodium Bisulphite, Hydro- or Hypo- 
sulphurous Acid, Hydro- or Hyposulphites, Sodium Thiosulphate — Miscellaneous Compounds : 
Sodium Nitrite, Sodium Phosphate, Water-glass, Sodium Arsenate, Sodium Tungstate» 
Sodium Stannate, Sodium Aluminate, Borax, Potassium Permanganate, Potassium Bichro- 
mate, Sodium Bichromate. Vanadates — Alkalies : Ammonia, Ammonium Salts, Caustic Soda, 
Caustic Potash, Sodium Carbonate, Calcium Carbonate — Peroxides : Hydrogen Peroxide^ 
Barium Peroxide, Sodium Peroxide — Zinc Dust. — Chapter IV., Organic Compounds: Fatty 
Acids and Their Salts — Acetic Acid, Acetates, Ferrous Acetate, Oxalic Acid and Oxalates, 
Tartaric Acid, Tartar, Tartar Emetic, Citric Acid, Lactic Acid — Cyanogen Compounds : Sulpho- 
cyanides. Potassium Ferrocyanide, Potassium Ferricyanide — Derivatives of the Fats : Soap, 
•' Boiled-off Liquor," Turkey Red Oil — Tanniris — Anitiru and Analine Salts — Thickening and 
Stiffening Materials : Starch, Prepared and Soluble Starch, Dextrine, Gum Arabic, Gum 
Senegal, Gum Tragacanth, Glue, Size— Dyes. — Appendix : Atomic Weights of the Elements — 
Molecular Weights of Certain Compounds — Gravimetric Equivalents — Volumetric Equi- 
valents.— Plate 1., Microscopic Appearance of the Textile Fibres (11 Illustrations). — Plate II. ^ 
Microscopic Appearance of the Diflerent Varieties of Starch (13 Illustrations). — Index. 

Press Opinions. 

"To those engaged in any branches of dyemg, printing, bleaching and finishing it ought to- 
prove a valuable addition to existing works." — Textile Industries. 
" Cannot fail to be of the greatest value." — Huddersfield Examiner. 

THE COLOUR PRINTING OP CARPET YARNS. A 

Useful Manual for Colour Chemists and Textile Printers. By Davii> 
Paterson, F.C.S. Seventeen Illustrations. 132 pp. DemySvo. 1900. 
Price 7s. 6d. ; India and Colonies, 8s. Other Countries, 8s. 6d. ; strictly 
net. 
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Contents. 

Chapters I., Structure and Constitution of Wool Fibre. — II., Yarn Scouring. — III., Scouring 
Materials.— IV., Water for Scouring. — V., Bleaching Carpet Yams. — VI., Colour Making for 
"Yam Printing. — VII., Colour Printing Pastes. — VIII., Colour Recipes for Yarn Printing. — 
IX., Science of Colour Mixing.— X., Matching of Colours.— XL, "Hank" Printing.— XIU 
Printing Tapestry Carpet Yarns.- XIII., Yam Printing.— XIV., Steaming Printed Yams. — 
XV., Washing of Steamed Yarns. — XVI., Aniline Colours Suitable for Yarn Printing. — XVII., 
•Glossary of Dyes and Dye-wares used in Wood Yarn Printing. — ^Appendix. 

Press Opinions. 

"The book is worthy the attention of the trade." — Worcester Herald. 

'* The treatise is arranged with great care, and follows the processes described in a manner 
at once clear and convincmg." — Glasgow Record. 

" A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yams." — Kidderminster Times. 

" The author has evidently strained every effort in order to make his work the standard guide 
of its class." — Leicester Post. 

" The book, which is admirably printed and illustrated, should fulfil the need of a practical 
^uide in the colour printing of carpet yarns. — Nottingham Express. 

" The subject is very exhaustively treated in all its branches. . . ." — Northern Whig. 

" It gives an account of its subject which is both valuable and instructive." — Scotsman. 

" The work shows a thorough grasp of the leading characteristics. as well as the minutae of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught, the book is valuable." — 
Dundee Courier. 

** The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature." — Dyer and Calico Printer. 

" It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form."— Journal of the Society of Dyers and Colourists. 

A PRACTICAL|TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailper, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh, Lecturer on Chemical Technology, 
London. Demy 8vo. 303 pp. Twenty Illusts. 1901. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents* 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III. 
Washing: Its End and Importance — Roller Washing Machines — Wash WheelCDash Wheel) — 
Stocks or Wash Mill — Squeezing. Chapter IV. Lye Boiling — Lye Boiling with Milk of Lime 
— Lye Boiling with Soda Lyes — Description of Lye Boiling Keirs — Operations of Lye Boiling 
— Concentration of Lyes. Chapter V. Mather and Piatt's Keir — I>escription of the Keir — 
Saturation of the Fabrics — Alkali used in Lye Boiling — Examples of Processes. Chapter VI. 
Soap— Action of Soap in Bleaching — Quality and Quantity of Soaps to use in the Lye — Soap 
Lyes or Scalds — Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking — Remarks on Chlorides and their De- 
colourising Action — Chemicking Cisterns — Chemicking — Strengths, etc. Chapter IX. Sours 
— Properties of the Acids — Effects Produced by Acids — Souring Cisterns. Chapter X. 
Drying — Drying by Steam — Drying by Hot Air — Drying by Air. Chapter XI. Damages to 
Fabrics in Bleachmg — Yarn Mildew — Fermentation — Iron Rust Spots — Spots from Contact 
with Wood — Spots incurred on the Bleaching Green — Damages arising from the Machines. 
Chapter XII. Examples of Methods used in Bleaching — Linen — Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies— Object of Alkalimetry — Titration of Carbonate of Soda — Comparative Table of 
Different Degrees of Alkalimetrical Strength — Five Problems relative to Carbonate of Soda 
— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and Caustic Alkali — Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
Soda). Chapter XIV. Chlorometry — Titration — Wagner's Chlorometric Method — Prepara- 
tion of Standard Solutions — Apparatus for Chlorine Valuation — Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and EXecolourising Chlorides — Synopsis — 
Chlorine — Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — ^Various De- 
colourising Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda 
Chapter XVI. Water— Qualities of Water— Hardness— Dervaux's Purifier— Testing the 
Purified Water— Different Plant for Purification— Filters. Chapter XVII. Bleaching of 
Yarn — Weight of Yam — Lye Boiling— Chemicking — Washing — Bleaching of Cotton Yam. 
Chapter XVIII. The InsUllation of a Bleach Works— Water Supply— Steam Boilers— Steam 
Distribution Pipes — Engines — Keirs — Washing Machines— Stocks-^Wash Wheels — Chemick- 
ing and Souring Cisterns — Various — Buildings. Chapter XIX. Addenda — Energy of De- 
colourising Chlorides and Bleaching by Electricity and Ozone — Energy of Decolourising 
Chlorides — Chlorides — Production of Chlorine and Hypochlorites by Electrolysis — Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime — Trilfer's 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides — Bleaching 
by Ozone. 
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THE SCIENCE OF COLOUR MIXING. A Manual in> 

tended for the use of Elvers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured PlatOOi 
and Four Plates showingr Eleven Dyed 8peolmens of Fabrlos. 132 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 
Transparent Bodies; Surface Colour. — II., Analysis of Light; Spectrum; Homogeneous- 
Colours; Ready Method of Obtaining a Spectrum. — III., Examination of Solar Spectrum; 
The Spectroscope and Its Construction ; Colourists* Use of the Spectroscope. — IV.. Colour by 
Absorption ; Solutions and Dyed Fabrics ; Dichroic Coloured Fabrics in Gaslight. — V., Colour 
Primaries of the Scientist versus the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours. — 
VI., Colour Mixing ; Pure and Impure Greens, Orange and Violets ; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yeuow and Blue. — VII.,. 
Secondary Colours; Nomenclature of Violet and Purple Group; Tints and Shades of Violet; 
Changes in Artificial Light. — VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades. — Appendix: Four Plates with Dyed Specimens Illustrating Text. — Index. 

Press Opinions. 

"The work has evidently been prepared with great care." — Halifax Courier. 

" The volume, which is clearly and popularly written, should prove of the utmost service to 
all who are concerned with the practical use of colours, whether as dyers or painters." — 
Scotsman. 

" We have no hesitation in advising the purchase of the present volume by dyers and calico- 
printers, as containing a mass of most useful information at a nominal price." — Irish Textile 
Journal. 

" Mr. Paterson's work . . . will be found exceedingly helpful, not only to the practical ' 
colourist, but also to students in our textile colleges, by forming a useful complement to- 
their class lectures." — Wakefield Exbress. 

"... The author is a dyer, ana in his concluding chapters keeps well before him the 
special wants and requirements of dyers. He writes pleasantly and lucidly, and there is no 
difficulty in following him, although here and there a lapse into ambiguousness occurs." — 
Textile Mercury. 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d. r 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour Vision and Structure of the Eve— Perception of Colour — Primary 
and Complementary Colour Sensations. — II., Daylight for Colour Matching — Selection of a 
Good Pure Light— Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight,, 
etc., etc. — III., Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues 
— ^Aid of Tinted Films — Matching Difficulties Arising from Contrast. — IV., Examination of 
Colours by Reflected and Transmitted Lights — Effect of Lustre and Transparency of Fibres 
in Colour Matching. — V., Matching of Colours on Velvet Pile — Optical Properties of Dye- 
stuflb, Dichroism, Fluorescence. — VI., Use of Tinted Mediums— Orange Film — Defects of the 
Eye — Yellowing of the Lens — Colour Blindness, etc. — VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings — Its Difficulties — Behaviour of Shades in Artificial Light — Colour 
Matching of Old Fabrics, etc. — VIII., Examination of Dyed Colours under the Artificial Lights 
— Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc. — Testing 
Qualities of an Illuminant. — IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights — Study of the Causes of Abnormal Modifications of Hue, etc.* 

Press Opinions. 

" It should form a part of the library of every dyer and colourist in the United Kingdom 
and indeed of every English-speaking country." — Dyer and Calico Printer, 

" We recommend it to every one who has anything to do with colour matching, even to- 
rn ^rchants dealing in colouring goods." — Indian Textile Journal. 

(Reissue of 

(Fhe art op dyeing wool, silk and cotton. 

Translated from the French of M. Hellot, M. Macquer and M. lr 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 
Other Couatries, 68. ; strictly net. 
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Contents. 
Part I., The Art off Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 
Part II., The Art of Dyeing Silk. 

Part III., The Art of Dyeing Cotton and Linen Thread, together with the Method 
of Stamping 5illcs, Cottons, etc. 

Press Opinions. 

" The book has been produced in excellent style and should be of great assistance to dyers." 
— Drapers' Record. 

" Its reissue cannot fail to be of deep interest to all engaged in textile manufacture." — 
Macclesfield Courier. 

THE DYEING OF COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-tour Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, Ss. 6d. ; strictly net. 

Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre. — II., Scouring and Bleaching of 
Cotton. — III., Dyeing Machinery and Dyeing Manipulations. — IV., Principals and Practice of 
Cotton Dyeing — 1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts; 
3, Direct Dyeing followed by Fixation with Developers ; 4, Direct Dyeing followed by Fixation 
with Couplers ; 5, Dyeing on Tannic Mordant ; 6, Dyeing on Metallic Mordant ; 7, Production 
of Colour Direct upon Cotton Fibres ; 8, Dyeing Cotton by Impregnation with Dye-stuff Solu- 
tion.— V., Dyeing Union (Mixed Cotton and Wool) Fabrics.— VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics. — VII., Operations following Dyeing — Washing, Soaping, Drying. — VIIU 
Testing of the Colour of Dyed Fabrics. — IX., Experimental Dyeing and Comparative Dye 
Testing. — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
creat range of colours, thus making it of great ^rvice in the Dyehouse, while to the Student it 
IS of valu e in t hat the scientific principles which underlie the operations of dyeing are clearly 
4aid down.Sf 



THE DYEING;0P woollen fabrics. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Wool Fibre — Structure, Composition and Properties. — II., Processes Pre- 
paratory to Dyeing — Scouring and Bleaching of Wool. — III., Dyeing Machinery and Dyeing 
Manipulations — Loose Wool Dyeing, Yam Dyeing and Piece Dyeing Machinery. — IV., The 
Principles and Practice of Wool Dyeing — Properties of Wool Dyeing — Methods of Wool 
Dyeing — Groups of Dyes — Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing 
with Acid Dyes — Dyeing with Mordant Dyes — Level Dyeing— Blacks on Wool — Reds on Wool 
— Mordanting of Wool — Orange Shades on Wool — Yellow Shades on Wool — Green Shades on 
Wool — Blue Shades on Wool — Violet Shades on Wool — Brown Shades on Wool — Mode 
Colours on Wool — V., Dyeing Union (Mixed Cotton Wool) Fabrics. — VI., Dyeing of Gloria. 
— VII., Operations following Dyeing — Washing, Soaping, Drying. — VIII., Experimental Dyeing 
and Comi>arative Dye Testing. — IX., Testing of the Colour of Dyed Fabrics. — Index.^ 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s. ; Abroad, 3s. 6cl. ; strictly net. 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. — II., Bale- 
Breakers, Mixing Lattices and Hopper Feeders. — III., Opening and Scutching. — IV., Carding. 
— Index to Illustrations.— General Index. 

COTTON SPINNING (Intermediate, or Second Year).- By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., The Combing Process.— II., The Drawing Frame. — III., Bobbin and Fly Frames. — IV., Mule 
Spinning. — V., King Spinning. — Index to Illustrations. — General Index. 
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COTTON. SPINNING (Honours, or Third Year). By Thomas 

Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6$. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters- 
I., Cotton. — II., The Practical Manipulation of Cotton Spinning Machinery. — III., Doubling 
and Winding. — IV., Reeling.— V., Warping. — VI., Production and Costs. — VII., Main Driving. 
— ^VIII., Arrangement of Machinery and Mill Planning. — IX., Waste and Waste Spinning. — 
Index to Illustrations. — General Index. 

Opinions of Spinning^ Teachers. 

"The work (Vol. I.) contains a large amount of valuable information." — Mr. Jas. Tasher^ 
Preston. 

"They are certainly the best published on the subject."— Mr. John Kerfoot, Leigh. 

"Admirably fulfils the object m view, viz., a concise guide to the students preparing for the 
City and Guilds Examination Course." — Mr. Jas. W. Lomax, Bolton. 

" I have carefully read the book, and do not hesitate in saying that I consider it will un- 
doubtedly be a boon to cotton spinning students for three, among other, reasons: (1) The 
store of mformation on different makers' machines ; (2) it shows the student how he should 
consider the questions proposed at the examinations ; and (3) the methods he should adopt in 
answering same." — Samuel Ward, Teacher in Cotton Spinning, Glossop and Openshaw. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Sliver Lap Machine and the Ribbon Cap Machine. — II., General Description 
of the Heilmann Comber.— III., The Cam Shaft.— IV., On the Detaching and Attaching 
Mechanism of the Comber. — V., Resetting of Combers. — VI., The Erection of a Heilmann 
Comber. — VII., Stop Motions: Various Calculations — VIII., Various Notes and Discussions. — 
IX., Cotton Combing Machines of Continental Make. — Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description 

of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By Robert Lamprecht, Mining Engineer and 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901, 
Price 10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; 
strictly net. 

Contents. 

Preface.— I., Causes off Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions. — II., 
Preventive Regulations : l. The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft ; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft ; 3, Pre> 
sautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
ag linst Spontaneous Ignition of Coal. Precautions .for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments 
on the ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity. — III., Indica- 
tions of an Existing: or Incipient Fire.— IV., Appliances for Working in Irrespirable 
Oases : 1, Respiratory Apparatus; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Miiller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus; 
4t Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap- 

faratus. The Improved Walcher-Gartner Pneumatophor, (a) The Single Bottle Apparatus,, 
nstructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 
ready for Use ; (b) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 
(The Mayer-Pilar System).— V. Bxtinsruishlnflr Pit Fires : (a) Chemical Means ; (6) Extinction 
with Water. Dragging down the Burning IVfasses and Packing with Clay ; (c) Insulating the 
Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 
(a) Cross-dams of Clay ; (6) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
Gases (*' Gas-diving ") : 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur^ 
sued at Karwin in 1894 ; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a 
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Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) 
Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
shaped Dams. Dam Doors: Flooding the Whole Pit.— VI., Rescue Stations: (a) Stations 
above Ground; (6) Underground Rescue Stations.— VII., Spontaneous Ignition of Coal in 
Bttllc. — Index. 

Illustrations. 

Sheet I., Respiratory and Rescue Appliances— Precautions against Fire. Sheet 
II.. Respiratory and Rescue Apparatus. Sheet III., Respiratory and Rescue Ap- 
paratus—Stretchers. Sheet IV., Dams. Sheet V., Signalling Appliances— Dam 
Construction— Cable Laying. Sheet VI., Workinsr with Diving Qear in Irrespirable 
Oases— Gallery Work. Sheet VII., Working with Diving Qear in Irrespirable Oases 
<Mayer System)— Appliances in the Shaft. 

Press Opinions. 

" A work of this extremely valuable character deserves to be made widely known amongst 
•colliery managers and mining engineers at home and abroad." — Coal and Iron. 

"This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
but it consists largely of departmental Blue Books."^^ heffield Daily Telegraph. 

"A concise and lucid description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc." — Staffs Advertiser. 

"The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht's German treatise." — Ironmonger. 

THE PREVENTION OF SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
1901. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory. — Chapters I., Fuel and Combustion. — II., Hand Firing in Boiler Furnaces. — 
III., Stoking by Mechanical Means. — IV., Powdered Fuel. — V., Gaseous Fuel. — VI., Efficiency 
and Smoke Tests of Boilers.— VII., Some Standard Smoke Trials.— VIII., The Legal Aspect 
of the Smoke Question. — IX., The Best Means to be adopted for the Prevention of Smoke. — 
Index. 

Press Opinions. 

"Everybody interested in smoke prevention will derive the greatest benefit from Mr. 
Popplewell's treatise, and will learn much that is new to them."— P«6/tc Health Engineer. 

" The Manchester expert who writes this book is thoroughly equipped for the task, and he 
has produced a work which ought to be in the hands of all Sanitary Inspectors and Health 
Committees, and it would be a useful present from manufacturers to stokers, instead of pos- 
sibly spending the value of the volume in payment of fines." — Sheffield Independent. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Generators — Generators Employing Steam — Stirring and Peed Regulating Appliances — 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Pumace— Coal Dust Piring. — Index. 

Press Opinions. 

** The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated." — Chemical Trade Journal. 

"The book will appeal with force to the manufacturer as well as to the technical student, 
whilst It is also of far more than average interest to the general reader." — Halifax Guardian. 

"The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
•of the present volume most opportune." — Iron and Coal Trades Review. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

JSXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. Second Edition Revised. 1902. Price 78. 6d. ; India 
and Colonies, Ss. ; Other Countries, 8s. 6d. strictly net. 
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Contents. 

Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Root Cesspools.- IV., Socket 
Pipes. — v., Drips. — VI., Gutters. — VII., Gutters (continued). — VIII., Breaks. — IX., Circular 
Breaks.— X., Flats.— XL, Flats (continued).— XII., Rolls on Flats.— XIIL, Roll Ends.— XIV^ 
Roll Intersections. — XV., Seam Rolls. — XVI., Seam Rolls (continued). — XVII., Tack Fixings. 
—XVI 1 1., Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI., 
Soakers. — XXII., Hip and Valley Soakers.— XXIII., Dormer Windows. — XXIV., Dormer 
Windows (continued).— XXV., Etormer Tops.— XXVL, Internal Dormers.— XX VI I., Skylights. 
—XXVIII., Hips and Ridging.— XXIX., Hips and Ridging (continued).— XXX., Fixings for 
Hips and Ridging.— XXXI., Ornamental Ridging.— XXX 1 1., Ornamental Curb Rolls.— XXXIIL, 
Curb Rolls.— XXXI v.. Cornices.— XXXV., Towers and Finials.— XXXVL, Towers and Finials 
(continued).— XXXVI I.,Towers and Finials (continued).— XXXVIIL, Domes.— XXXIX., Domes 
(continued). — XL., Ornamental Lead Work. — XLL, Rain Water Heads. — XLIL, Rain Water 
Heads (continued). — XLIII., Rain Water Heads (continued). 

Press Opinions. 

" This is an eminently practical and well>illustrated volume on the management of external 
lead work." — Birmingham Daily Post. 

^' It is th >roughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

" Works on sanitary plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmon;^er, 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, Ss. ; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Introduction. — C apters I., Pipe Bending. — II., Pipe Bending (continued). — III., Pipe 
Bending (continued). — IV., Square Pipe Bendings. — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe. — VII., Bossed Bends. — VIII., Curved Plinth Bends. — IX., Rain-water 
Shoes on Square Pipe. — X., Curved and Angle Bends. — XL, Square Pipe Fixings. — XII., Joint- 
wiping.— XIIL, Substitutes for Wiped Joints. — XIV., Preparing Wiped Joints. — XV., Joint 
Fixings.— XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIII., Use of "Touch" in Solder- 
ing.— -XIX., Underhand Joints. — XX., Blown and Copper Bit Joints. — ^XXI., Branch Joints. — 
XXII., Branch Joints (continued). — XXIII., Block Joints. — XXIV., Block Joints (continued). — 
XXV., Block Fixings.— XXVI., Astragal Joints— Pipe Fixings.— XXVII., Large Branch 
Joints. — XXVIII., Large Underhand Joints. — XXIX., Solders. — XXX., Autogenous Soldering, 
or Lead Burning. — Index. 

Press Opinions. 

*' Rich in useful diagrams as well as in hints." — Liverpool Mercury. 

** The papers are eminentlv practical, and go much farther into the mysteries they describe 
than the title ' Hints' properly sugf^ests." — Scotsman. 

" The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

" So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or dimcult branches. 
of the plumber's craft, viz., joint wiping, pipe bending and lead burning. . . . 'Hints' are the 
most useful things to an apprentice, and tnere are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

"22 Prvmb Street, Hull, 2ith November^ 1894. 

" Gentlemen, — Your books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from vour traveller, and having looked 
through the same I can safely recommend it as being the best book I have seen. Air. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essentia) 
branches in the plumbing trade." 

THE PRINCIPLES AND PRACTICE OP I'DIPPINQ, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 

Contents. ' 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping. — II., Scratch- 
brushing and Burnishing; Polishing; Burnishing. — III., Lacquering; Tools; Lacquers. — 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 

Press Opinions. 

*' Mr. BroMrn is clearly a mswter of his craft, and has also the immense advsuitage of being 
able to convey his instructions in a manner at once clear and concise." — Leicester Post, 

"A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do." — Irish Builder.. 
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WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Parts I., Decorating. — II., Painting. — III., Paper-hanging. — IV., Miscellaneous. 
Arranged in alphabetical order. 

Press Opinion. 

" Decorators, painters and amateurs will find this a comprehensive work of reference on 
nearly every subject they are in need of.' — Building News. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 

1900. Price Ss. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. 
strictly net. Contents. 

Chapters I., Tools and Appliances. — II., Colours and Their Harmony.— III., Pigments and 
Media. — IV., Pigments and Media. — V., Pigments and Media. — VI., Pigments and Media. — 
VII., Preparation of Work, etc. — VIII., Application of Ordinary Colour. — IX., Graining. — 
X., Graining.— XI., Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 
Painting. — XV., Internal E>ecoration. — Index. 

Press Opinion. 

"The author is evidently very thoroughly at home in regard to the technical subjects he has 
«et himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
•carry away a clearer grasp of the details of the subject after going over the performance."— 
Building Industries. 

A HISTORY OF DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. • 

Contents. 

Chapters I., Primitive and Prenistoric Art. — II., Egyptian Art.— III., Assyrian Art.— IV., 
The Art of Asia Minor.— V., Etruscan Art.— VI., Greek Art.— VII., Roman Art.— VIII., 
Byzantine Art. — IX., Lombard or Romanesque Art. — X., Gothic Art.— XI., Renaissance Art. — 
XII., The Victorian Period.— Index. 

Press Opinion. 

'* In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
■interesting and comprehensive survey of the progress and development of decorative art. It 
■cannot, of course, be pretended that in the limited space named the subject is treated ex- 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 

FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

Contents. 

A Few Words on Enamelling— Appliances and Apparatus— Japans or Enamels— To Test 
Enamel for Lead — Japanning or Enamelling Metals — Japanning Tin, such as Tea Trays, and 
•similar Goods— Enamelling Old Work — Enamel for Cast Iron — Enamel for Copper Cooking 
Utensils — The Enamelling Stove— Enamelling Bedsteads, Frames and similar large pieces- 
Paints and Varnishes for Metallic Surfaces — Varnishes for Ironwork — Blacking for Iron — 
Processes for Tin Plating— Galvanising— Metal Polishes— Colours for Polished Brass— A 
Golden Varnish for Metal — Painting on Zinc — Carriage Varnish — Japanese Varnish and its 
.Application . — I ndex 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Water Circulation.— II., The Tank System.— III., Pipes and Jomts.- IV., The 
Cylinder System.- V., Boilers for the Cylinder System.— VI., The Cylinder System.— VII., The 
Combined Tank and Cylinder System. — ^VIIL, Combined Independent and Kitchen Boiler.— 
IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Boiler Explosions.— XI., Pipe Boilers.— XII., Safety Valves.- XIII., Safety Valves.— XIV., The 
American System.- XV., Heating Water by Steam.— XVI., Steam Kettles and Jets.— XVII., 
Heating Power of Steam.— XVI 11., Covering for Hot Water Pipes.— Index. 
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Brewing and Botanicals. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 

the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy -eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 
15s. ; strictly net. 

Contents. 

PART 1., HISTORY OF THE HOP. 

PART II., THE HOP PLANT. Introductory.— 'Ihe Roots.— The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of. the Male Hop; Inflorescence and 
Flower of the Female Hop. — ^The Fruit and its Glandular Structure : The Fruit and Seed. — 
Propagation and Selection of the Hop. — Varieties of the Hop: (a) Red Hops; (b) Green Hops ; 
<c) Pale Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops. — Injuries to Growth : Malformations; Diseases 
Produced by Conditions of Soil and Climate: L Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wmd, Hail and Pain ; Vegetable 
Enemies of the Hop: Animal Enemies of the Hop. — Beneficial Insects on Hops. 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation : Climate; Soil; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Plantmg; Cultivation 
and Cropping of the Hop Garden in the First Year.— Work to be Performed Annually in the 
Hop Garden : Working the Ground ; Cutting ; The Non-cutting System ; The Proper Per- 
formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut ; II. Proper Season for Cutting : Autumn Cutting, Spring 
Cutting ; Manuring ; Training the Hop Plant : Poled Gardens, Frame Training ; Principal 
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Bagging. — Principal and Subsidiary Utilisation of Hops and Hop Gardens.— LiK 
of a Hop Garden ; Subsequent Cropping. — Cost of Production, Yield and Selling Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure orthe Hop Cone. 
— Judging the Value of Hops. 

PART v.— Statistics of Productioif.— The Hop Trade.— Index. 

Press Opinions. 

" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World, 

" Like an oasis in the desert comes a volume upon the above subject." — Hereford Times. 

"This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops 
that has been published." — Brewers' Journal. 



Wood Waste Utilisation. 

THE UTILISATION OP WOOD WASTE. Translated from 

the German of Ernst Hubbard. Crown 8vo. 1902. Fifty Illustra- 
tions. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Chapters L, General Remarks on the Utilisation of Sawdust.— IL, Employment of Saw- 
dust as Fuel, with and without Simultaneous Recovery of Charcoal and the Products of 
Distillation.— III., Manufacture of Oxalic Acid from Sawdust — (1) Process with Soda Lye ; 
(2) Thorn's Process; (3) Bohlig's Process.— IV., Manufacture of Spirit (Ethyl Alcohol) from 
Wood Waste — Patent Dyes (Organic Sulphides, Sulphur Dyes, or Mercapto Dyes). — V., 
Artificial Wood and Plastic Compositions from Sawdust— Production of Artificial Wood 
Compositions for Moulded Decorations. — VI., Employment of Sawdust for Blasting Powders 
and Gunpowders. — VII., Employment of Sawdust for Briquettes — Employment of Sawdust 
in the Ceramic Industry and as an Addition to Mortar— Manufasture of Paper Pulp from 
Wood— Casks. — VIII., Various Applications of Sawdust and Wood Refuse — Calcium Carbide 
—Manure — Wood Mosaic Plaques — Bottle Stoppers — Parquetry — Fire-lighters — Carborun- 
dum. — IX., The Production of Wood Wool — Bark.— Index 
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Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS: A Handbook of all the Processes for 
the Preservation of Flesh, Fruit and Vegetables, and for the Prepara- 
tion of Dried Fruit, Dried Vegetables, Marmalades, Fruit-Syrups and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Drag^es, Pralines, etc. By A. Hausner. 
With Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. net. 

i^Con tents. 

Part I., The Manufacture of Conserves.— Chapters I., Introduction.— II., The Causes of 
the Putrefaction of Food. — III., The Chemical Composition of Foods. — IV., The Products of 
Decomposition. — V., The Causes of Fermentation and Putrefaction. — VI., Preservative Bodies. 
— VII., The Various Methods of Preserving Food. — VIII., The Preservation of Animal Food. — 
IX., Preserving Meat by Means of Ice. — X., The Preservation of Meat by Charcoal. — XL, 
Preservation of Meat by Drying. — XII., The Preservation of Meat by the Exclusion of Air. — 
XIII., The Appert Method.— XIV., Preserving Flesh by Smokmg.— XV., Quick Smoking.— XVI., 
Preserving Meat with Salt. — XVII., Quick Salting by Air Pressure.— XVIII., Quick Salting by 
Liquid Pressure. — XIX., Gamgee's Method of Preserving Meat. — XX., The Preservation of 
Eggs.— XXL, Preservation of White and Yolk of Egg.— XXI I., Milk Preserxation.— XXIIL, 
Condensed Milk.— XXIV., The Preservation of Fat.— XXV., Manufacture of Soup Tablets.— 
XXVI. —Meat Biscuits.— XXVIL, Extract of Beef.— XX VI II., The Preservation of Vegetable 
Foods in General. — XXIX. — Compressing Vegetables. — XXX., Preservation of Vegetables by 
Appert's Method.— XXXL, The Preservation of Fruit.— XXXIL, Preservation of Fruit by 
Storage.— XXXIII , The Preservation of Fruit by Drying.— XXXIV., Drying Fruit by Artificial 
Heat.— XXXV., Roasting Fruit.— XXXVL, The Preservation of Fruit with Sugar.— XXXVIL, 
Boiled Preserved Fruit. — XXXVI 1 1., The Preservation of Fruit in Spirit, Acetic Acid or 
Glycerine. — XXXIX., Preservation of Fruit without Boiling. — XL., Jam Manufacture. — XLL, 
The Manufacture of Fruit Jellies.- XLIL, The Making of Gelatine Jellies.— XLIIL, The 
Manufacture of " Sulzen." — XLI V., The Preservation of Fermented Beverages. 

Part II., The Manufacture of Candies.— Chapters XLV., Introduction.— XLVL. The 
Manufacture of Candied Fruit. — XLVIL, The Manufacture of Boiled Sugar and Caramel. — 
XLVIIL, The Candying of Fruit.— XLIX., Caramelised Fruit.— L., The Manufacture of Sugar- 
Sticks, or Barley Sugar. — LL, Bonbon Making. — LIL, Fruit Drops. — LIIL, The Manufacture 
of Drag^es. — LIV., The Machinery and Appliances used in Candy Manufacture. — LV., Dyeing 
Candies and Bonbons. — LVL, Essential Oils used in Candy Making. — LVIL, Fruit Essences. — 
LVIIL, The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges. — LIX., 
Recipes for Jams and Jellies. — LX., Recipes for Bonbon Making. — LXL, Drag^es. — Appendix. 
— Index. 



Timber Trades. 



TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier, Expert Chemical Engineer, Assayer of the 
French Mint, etc., by Joseph Kennell. Royal 8vo. 437 pp. 178 
Illustrations. 1902. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. net. 

Contents. 

Preface.— Part I., Physical and Chemical Properties of Timber.— Chapters I., Com- 
position of the Vegetable Bodies — Chief Elements — M. Freniy's Researches. — II., Elementary 
Organs of Plants and especially of Forests. — III., Different Parts of Wood Anatomically and 
Chemically Considered. — IV., General Properties of Wood. 

Part II., Description of the Different Kinds of Wood. — Chapters V., Principal Essences 
with Caducous Leaves. — VI., Coniferous Resinous Trees. 

Part III., Division of the Useful Varieties of Timber In the Different Countries of 
the Globe.— Chapters VII., European Timber. — VIII., African Timber.— IX., Asiatic Timber 
— X., American Timber. — XL, Timber of Oceania. 

Part IV., Forests. — Chapters XIL, General Notes as to Forests; their Influence. — XIII. 
Opinions as to Sylviculture — Inwrovement of Forests. — XIV., Unwooding and Rewooding^ 
Preservation of Forests. — XV., Exploitation of Forests. — XVI., Damage caused to Forests— 
Diflferent Alterations. 

Part v.. The Preservation of Timber.— Chapters XVII., Generalities— Causes and 
Progress of Deterioration — Historv of Different Proposed Processes. — XVI 1 1., Desstcation — 
Superficial Carbonisation of Timber. — XIX., Processes by Immersion — Generalities as to 
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Antiseptics Employed. — XX., Injection Processes in Closed Vessels.— XXI., The Boucherie 
"System, Based upon the Displacement of the Sap.— XXII., Processes for Making Timber 
Uninflammable. 

Part VI., Applications of Timber.- Chapters XXIII., Generalities— Working Timber- 
Paving — Timber for Mines — Railway Traverses. — XXIV., Accessory Products— Gums — Works 
■of M. Fremy — Resins— Barks— Tan— Application of Cork.— XXV., The Application of Wood 
to Art and Dyeing.— XXVI., Diflerent Applications of Wood— Hard Wood — Distillation of 
"Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins. — Index. 

[See also " Wood Waste Utilisation,'* p. 33.] 

Fancy Goods Manufacture. 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 

WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Preface. — Introduction. — Chapters I., Mordants *and Stains: Acids,~ Alkalies, Iron Salts, 
Copper Salts, Aluminium Salts, Chromium Salts, Tin Salts, Lead Salts, Manganese Salts, 
Silver and Gold Salts. — II., Natural Dyes : Redwood, Red Sandalwood, Madder, Orchil, Cudbear, 
Lac-Dye, Cochineal, Saffron, Annatto, Safflower, Fustic, Fustet, Quercitron, Flavin, Turmeric, 
Weld and its substitutes, Persian Berries, Barberry Root, Indigo, Logwood.Cutch, Galls, Sumach, 
Knoppem. — III., Artificial Pigments: White Lead, Naples Yellow, Red Lead, Smalts, Ultra- 
Manne, Cinnabar, Prussian Blue, Orpiment, Realgar, Chrome Green, Chrome Yellow, Chrome 
Red, Chrome Orange, Mosaic Gold, Green Mineral Colours, Red Ochres, Rouge, Cadmium 
Yellow. — IV., Coal Tar Dyes : Reds, Yellows and Oranges, Blues, Violets, Greens, Browns, 
Grey and Black — Aniline Dyes Soluble in Fat : Resinate Colours, Aniline Lakes. — V., Staining 
Marble and Artificial Stone : Red, Violet, Blue, Green, Yellow, Orange, Brown, Black, Execu- 
tion of Parti-Coloured Designs. — VI., Dyeing, Bleaching and Imitation of Bone, Horn and 
Ivory — Bone Bleaching — Dyeing Bone: Black, Red, Yellow, Blue, Violet, Green, Grey and 
Brown — Horn, Bleachmg and Whitening — Dyeing Black, Grey, Brown, Blue, Green, Violet 
and Red — Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts. — Ivory: Dyeing Black, 
Red, Yellow, Blue, Violet, Green, Grey and Brown — Further Remarks on Ivory Dveing. — VII., 
Wood Dyeing : Black, Grey, Brown, Violet, Blue, Red, Yellow, Green — Imitation or Mahogany : 
Dark Walnut, Oak, Birch- Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, Mahogany, 
Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear Tree — Black 
Dyeing Processes with Penetrating Colours. — VIII., Varnishes and Polishes: English Furniture 
Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for Preserving 
Furniture. — Index. 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S., Member of the German Chemical Society of Berlin. Eight 
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 pp. 1902. 
Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Part I. — Chapters I., The Various Causes of Dampness and Decay of the Masonry of 
Buildings, and the Structural and Hygienic Evils of the Same. — II., Precautionary Measures 
during Building against Dampness and Efflorescence. — III., Methods of Remedying Dampness 
and Efflorescences in the Walls of Old Buildings. — IV., The Artificial Drying of New Houses, 
as well as Old Damp Dwellings, and the Theory of the Hardening or Mortar. — V., New, 
Certain and Permanently Efficient Methods for Drying Old Damp Walls and Dwellings. 

Part II. — Chapters I., The Cause and Origin of Dry-rot : its Injurious Effect on Health, its 
Destructive Action on Buildings, and its Successful Repression. — II., Methods of Preventing 
Dry-rot to be Adopted During Construction. — III., Old Methods of Preventing Dry-rot. — 
IV., Recent and More Efficient Remedies for Dry-rot. — Index. 
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Iron. 




SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from Qerman of 
HaNiNS Freiherr v. Zuptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. 1902. Price 10s. 6d. ; India and Colonies, lis. ; 
Other Countries, 12s. net. 

Contents. 

Book I., The Theory of Solution.— Chapters I., Solutions.— II., Molten Alloys— Varieties- 
of Solutions. — III., Osmotic Pressure. — IV., Relation between Osmotic Pressure and other 
Properties of Solutions. — V., Osmotic Pressure and Molecular Weight of the Dissolved Sub- 
stance.— VI., Solutions of Gases.— VII., Solid Solutions.— VIII., Solubility.— IX., Diffusion. — 
X., Electrical Conductivity— Constitution of Electrolytes and Metals. — XI., Thermal Expansion. 

Book II., Micrography. — Chapters I., General. — II., Microstructure. — III., The Micro- 
graphic Constituents of Iron. — IV., Relation between Micrographical Composition, Carbon- 
Content, and Thermal Treatment of Iron Alloys. — V., The Microstructure of Slags. 

Book III., Chemical Composition of the Alloys of iron.— Chapters I., Introduction.— 
II., Constituents of Iron Alloys — Carbon. — III., Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon. — IV., Opmions and Researches on Combined 
Carbon (Continuation). — V., Opinions and Researches on Combined Carbon {Conclusion). — VI.» 
Applying the Curves of Solution deduced from the Curves of Recalescence to the Determination 
of the Chemical Composition of the Carbon present in Iron Alloys. — VII., The Constituents of 
Iron — Iron. — VIII., The Constituents of Iron Alloys — Manganese. — IX., Remaining Constituents 
of Iron Alloys — A Silicon. — X., Gases. 

Book IV., The Chemical Composition of Slasf.— Chapters I., Introductory.— II., Silicate 
Slags. — III., Calculating the Composition^f Silicate Slags. — IV., Phosphate Slags. — V., Oxide 
Slags. — Appendix. — Index. 
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